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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] This invention relates to a positive electrode 
active material, capable of reversibly doping/undoping 
lithium, and to a non-aqueous electrolyte cell which uses 
this positive electrode active material. 

Description of Related Art 

[0002] Recently, with rapid progress in a variety of 
electronic equipment, investigations into a re-chargea- 
ble secondary cell, as a cell that can be used conven- 
iently economically for prolonged time, are proceeding 
briskly. Representatives of the secondary cells are a 
lead accumulator, an alkali accumulator and a lithium 
secondary cell. 

[0003] Among these secondary cells, a lithium sec- 
ondary cell has various advantages, such as high output 
or high energy density. The lithium secondary cell is 
made up of a positive electrode and a negative elec- 
trode, each having an active material capable of revers- 
ibly doping/undoping lithium, and a non-aqueous elec- 
trolyte. 

[0004] Among known positive electrode active mate- 
rials of the lithium secondary cell, there are a metal ox- 
ide, a metal sulfide and a polymer. For example, there 
are known lithium-free compounds, such as, for exam- 
ple, TiS 2 , MoS 2 , MbSe 2 or V 2 0 5 , and lithium compound 
oxides, such as LiM0 2 , where M is Co, Ni, Mn or Fe, or 
LiMn 2 0 4 . 

[0005] As the positive electrode active material, hav- 
ing the potential of 4V with respect to lithium, LiCo0 2 is 
being put to extensive use. This LiCo0 2 is an ideal pos- 
itive electrode in many respects in that it has a high en- 
ergy density and a high voltage. 
[0006] However, Co is a rare resource localized on the 
earth and hence it is expensive. Moreover, it cannot be 
furnished in stability without considerable difficulties. 
So, a demand is raised towards developing a positive 
electrode material which is based on inexpensive Ni or 
Mn and which is present in abundance as a resource. 
[0007] The positive electrode containing LiNi0 2 has 
a large theoretical capacity and a high discharging po- 
tential. However, it has such a defect that, with the 
progress in the charging/discharging cycle, the crystal 
structure of LiNi0 2 is collapsed to lower the discharging 
capacity as well as the thermal stability. 
[0008] As a Mn-based positive electrode material, 
LiMn 2 0 4 having a positive spinel structure and a spatial 
group Fd3m has been proposed. This LiMn 2 0 4 has a 
high potential of the 4V-grade potential with respect to 
lithium, which is equivalent to LiCo0 2 . Moreover, 
LiMn 2 0 4 is easy to synthesize and high in cell capacity 
so that it is a highly promising material and is being put 



to practical use. 

[0009] However, the cell formed using LiMn 2 0 4 has a 
drawback that it undergoes serious deterioratiuon in ca- 
pacity on storage at elevated temperatures, while it is 
5 insufficient in stability and cyclic characteristics, with Mn 
being dissolved in an electrolytic solution. 
[001 0] So, it has been proposed in Japanese Laying- 
Open Patent H-9-1 34724 to use a phosphoric acid com- 
pound of a transition metal M having an olivinic structure 
10 as a positive electrode of the lithium ion cell, where M 
is Fe, Mn, Co or Ni, It has also been proposed in Japa- 
nese Laying-Open Patent H-9-1 71 827 to use e.g., 
LiFeP0 4 , among the phosphoric acid compounds of the 
transition metal M having an olivinic structure. 

*5 [0011] It is noted that LiFeP0 4 has a volumetric den- 
sity as high as 3.6 g/cm 3 and develops a high potential 
of 3.4 V, with the theoretical capacity being as high as 
170 mAh/g. Moreover, in the initial state, LiFeP0 4 con- 
tains electrochemically dopable Li at a rate of one Li at- 

20 om per Fe atom, and hence is a promising material as 
a positive electrode active material of the lithium ion cell. 
[001 2] However, as reported in the above patent pub- 
lication, a real capacity only on the order of 60 to 70 
mAh/g has been realized In an actual cell which uses 

25 LiFeP0 4 as a positive electrode active material. Al- 
though the real capacity on the order of 120 mAh/g has 
been subsequently reported in the Journal of the Elec- 
trochemical Society, 144,1188 (1997), this capacity can- 
not be said to be sufficient in consideratiuon that the the- 

30 oretical capacity is 1 70 mAh/g. There is also a problem 
that the discharging voltage of LiFeP0 4 is 3.4V which is 
lower than that of the positive electrode active material 
used in the current lithium ion cell. 
[0013] So, it has been proposed to use LiMnP0 4 , as 

35 a phosphoric acid having an olivinic structure, com- 
prised mainly of Mn, which is an element having a redox 
potential highrer than that of Fe, as the positive elec- 
trode of the lithium ion cell. 

[0014] However, in the Mn-based routine phosphoric 

40 acid compound, comprised basically of LiMnP0 4 , it is 
difficult to yield Mn by the redox reaction. It is reported 
in the aforementioned Journal of the Electrochemical 
Society, 144,1188 (1997) that, of the Mn-based phos- 
phric compounds of the olivinic structure, only 

45 LiMnxFe^PO^ in which Fe is substituted for part of Mn , 
is the sole phosphoric compound in which Mn can be 
generated by a redox reaction. 
[0015] In the above treatise, there is a report that an 
actual cell constructed using LiMn x Fe 1 . x P0 4 as a posi- 

50 tive electrode active material can develop a real capac- 
ity of the order of 80 mAh/g. However, this capacity may 
not be said to be sufficient in consideratiion that the the- 
oretical capacity is 170 mAh/g. 
[0016] In the above treatise, there is a report that, in 

55 an actual cell which uses LiMn x Fe.,. x P0 4 as a positive 
electrode active material, the capacity is decreased 
when the proportion y of Mn exceeds 0.5. That is, ac- 
cording to the teaching in the above treatise, if the pro- 



2 



3 



EP 1 150 367 A2 



4 



portion Mn in LiMn x Fe 1 . x P0 4 is increased, the capacity 
is decreased, even though the high voltage is achieved, 
and hence the compound is not suitable as a material 
for practical use. If conversely the proportion of Mn in 
LiMn x Fe 1 . x P0 4 is lowered for realizing a high capacity, 
the proportion of Mn as a main reaction partner in the 
redox is lowered, with the result that the high redox po- 
tential proper to Mn cannot be sufficiently achieved. In 
addition, if the discharging voltage is lowered, the cell 
produced ceases to be compatible with the currently 
used lithium ion cell. 

[0017] So, it is extremely difficult with LiMn x Fe 1 . x P0 4 
to realize high capacity and high discharge voltage si- 
multaneously. 

[0018] On the other hand, in the Mn-based phosphor- 
ic acid compound, having the olivinic structure, Mn has 
a high redox potential and hence the compound is ex- 
pected to manifest excellent properties. However, only 
a few of the compounds may be used in a cell. Thus, a 
demand is raised towards development of the phos- 
phoric acid compound having the olivinic structure. 

SUMMARY OF THE INVENTION 

[0019] It is therefore an object of the present invention 
to provide a positive electrode active material capable 
of realizing a high discharging capacity without lowering 
the capacity in order to manifest superior charging/dis- 
charging characteristics and a non-aqueous electrolyte 
cell which uses the positive electrode active material. 
[0020] It is another object of the present invention to 
provide a positive electrode active material in which Mn 
generation by redox, not possible so far, is realized with- 
out lowering the capacity, and which exhibits a high dis- 
charging voltage and superior charging/discharging 
characteristics : 

[0021] It is yet another object of the present invention 
to provide a non-aqueous electrolyte cell which uses 
such positive electrode active material. 
[0022] In one aspect, the present invention provides 
a positive electrode active material containing a com- 
pound represented by the general formula 
Li x Mn y Fe 1 . y P0 4 , where 0 <x£ 2 and 0.5 <y< 0.95. 
[0023] In this positive electrode active material, Fe is 
substituted for a portion of Mn of Li x Mn y Fe 1 . y P0 4 . Since 
this Fe is able to dilute the Yarn-Teller effect ascribable 
to Mn 3+ , it is possible to suppress distortion of the crystal 
structure of Li x Mn y Fe 1 . y P0 4 . Since the proportion y of 
Mn is in a range of 0.5 <y< 0.95, a high discharge voltage 
can be achieved without lowering the cell capacity. 
[0024] In another aspect, the present invention pro- 
vides a positive electrode active material containing a 
compound represented by the general formula 
LixMnyFe^. (y+Z )P0 4 , where 0 <x£ 2, 0.5 <y< 0.95, 0.5 
<y+z< 1 , and A is at least one metal element selected 
from Ti and Ag. 

[0025] In this positive electrode active material, Fe 
and the metal element A are substituted for a portion of 



Mn in LixMnyFe^.^PO^ Since this Fe and the metal 
element A are able to dilute the Yarn-Teller effect ascrib- 
able to Mn 3 *, it is possible to suppress distortion of the 
crystal structure of Li x Mn y Fe 1 . y P0 4 . Since the propor- 
s tion y of Mn is in a range of 0.5 <y< 0.95, a high dis- 
charge voltage can be achieved without lowering the ca- 
pacity. 

[0026] In another aspect, the present invention pro- 
vides a non-aqueous electrolyte cell including, a positive 
io electrode containing a positive electrode active materi- 
al, a negative electrode containing a negative electrode 
active material and an electrolyte interposed between 
the positive and negative electrodes, wherein the posi- 
tive electrode active material contains a compound rep- 
's resented by the general formula L^M^Fe^ y P0 4 where 
0 <x£2 and 0.5 <y< 0.95. 

[0027] In the above-described non-aqueous electro- 
lyte cell, the Yarn-Teller effect ascribable to Mn 3 * is di- 
luted to enable Mn to be yielded by the redox reaction. 

20 So, the non-aqueous electrolyte cell employing this pos- 
itive electrode active material exhibits superior charg- 
ing/discharging characteristics. 
[0028] In another aspect, the present invention pro- 
vides a non-aqueous electrolyte cell including a positive 

25 electrode containing a positive electrode active materi- 
al, a negative electrode containing a negative electrode 
active material and an electrolyte interposed between 
the positive and negative electrodes, wherein the posi- 
tive electrode active material contains a compound rep- 

30 resented by the general formula Li x Mn y Fe z A 1 . (y+2) P0 4 
where 0 <x<2, 0.5 <y< 0.95 and 0.5 <y+z< 1 and wherein 
A is at least one metal element selected from Ti and Mg . 
[0029] With the above-described non-aqueous elec- 
trolyte cell, the Yam-Teller effect ascribable to Mn 3+ is 

35 diluted to enable Mn to be yielded by the redox reaction. 
Moreover, since the proportion y of Mn in 
Li x Mn y Fe z A 1 . (y+Z )P0 4 is in a range of 0.5 <y< 0.95, a 
high discharge voltage can be achieved without lower- 
ing the cell capacity. Therefore, the non-aqueous elec- 

40 trolyte cell employing this positive electrode active ma- 
terial exhibits superior charging/discharging character- 
istics. 

[0030] The present inventors also have conducted 
eager searches towards accomplishing the above ob- 

45 ject, and have found that Mn redox is difficult because 
the Yam-Teller effect is produced due to Mn 3+ generated 
in the charged state to cause distortion of the crystal 
structure of the phosphoric acid compound having the 
olivinic structure. This finding has led to the concept of 

so a positive electrode active material according to the 
present invention. 

[0031] In another aspect, the present invention pro- 
vides a positive electrode active material containing a 
compound represented by the general formula 
55 Li x Mn y B 1 . y P0 4 , where 0 <x£ 2 and 0 <y< 1 and wherein 
B is a metal element selected from among Ti, Zn, Mg 
and Co. 

[0032] In this positive electrode active material, one 
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metal element selected from among 71, Zn, Mg and Co 
is substituted for a portion of Mn of Li x Mn y B 1 _ y P0 4 as a 
phosphoric acid compound having the olivinic structure. 
Since this metal element is able to dilute the Yarn-Teller 
effect ascribable to Mn**, distortion of the crystal struc- 5 
ture of Li x Mn y B 1 . y P0 4 can be prevented from occurring. 
[0033] In another aspect, the present invention pro- 
vides a positive electrode active material containing a 
compound represented by the general formula 
Li x Mn y B 1 . y P0 4 , where 0 <x£ 2 and 0 <y< 1 and wherein 10 
B denotes plural metal elements selected from among 
Ti, Fe, Zn, Mg and Co. 

[0034] In this positive electrode active material, plural 
metal elements selected from among Tl, Fe, Zn, Mg and 
Co are substituted for a portion of Mn of Li x Mn y B 1 . y P0 4 15 
which is a phosphoric acid compound having the olivinic 
structure. Since this metal element B is able to dilute the 
Yam-Teller effect ascribable to Mn 3 * distortion of the 
crystal structure of Li x Mn y B 1 . y P0 4 can be prevented 
from occurring. 20 
[0035] In another aspect, the present invention pro- 
vides a non-aqueous electrolyte cell including a positive 
electrode containing a positive electrode active materi- 
al, a negative electrode containing a negative electrode 
active material and an electrolyte interposed between 25 
the positive and negative electrodes, wherein the posi- 
tive electrode active material contains a compound rep- 
resented by the general formula L^Mn^. y P0 4 where 
0 <x< 2 and 0 <y< 1 and wherein B denotes one metal 
element selected from among Ti, Zn, Mg and Co. 30 
[0036] This non-aqueous electrolyte cell contains 
Li x Mn y B 1 . y P0 4l as a positive electrode active material, 
in which a metal element B selected from among Ti, Zn, 
Mg and Co is substituted for a portion of Mn. Since the 
metal element B in the L^MnyB^ y P0 4 , used as positive 35 
electrode active material, is able to dilute the Yarn-Teller 
effect ascribable to Mn 3 *, distortion of the crystal struc- 
ture of Li x Mn y B 1 . y P0 4 can be prevented from occurring, 
thus realizing a non-aqueous electrolyte cell having a 
high discharge capacity and superior charging/dis- 40 
charging characteristics. 

[0037] In another aspect, the present invention pro- 
vides a non-aqueous electrolyte cell including a positive 
electrode containing a positive electrode active materi- 
al, a negative electrode containing a negative electrode 45 
active material and an electrolyte interposed between 
the positive and negative electrodes, wherein the posi- 
tive electrode active material contains a compound rep- 
resented by the general formula LixMnyB^ y P0 4 where 
0 <x< 2 and 0 <y< 1 and wherein B denotes plural metal so 
elements selected from among Tl, Fe, Zn, Mg and Co. 
[0038] This non-aqueous electrolyte cell contains 
Li x Mn y B 1 . y P0 4 , as a positive electrode active material, 
in which plural metal elements B selected from among 
Ti, Fe, Zn, Mg and Co is substituted for a portion of Mn. 55 
Since the metal element B in the LixMnyB^yPO^ used 
as positive electrode active material, is able to dilute the 
Yam-Teller effect ascribable to Mn 3 * distortion of the 



crystal structure of Li x Mn y B 1 . y P0 4 can be prevented 
from occurring. Thus, with Li x Mn y B 1 . y P0 4l redox gener- 
ation of Mn is possible, so that a non-aqueous electro- 
lyte cell having a high discharge capacity and superior 
charging/discharging characteristics may be produced. 
[0039] According to the present invention, part of Mn 
of Li x Mn y Fe Vy P0 4 , used as a positive electrode active 
material, is replaced by Fe. Since this Fe is able to dilute 
the Yam-Teller effect ascribable to Mn 3 *, distortion of 
the crystal structure of L^MnyFe^ y P0 4 may be pre- 
vented from occurring. Moreover, since the proportion y 
of Mn is such that 0.5 <y< 0.95, the range of the high 
discharge voltage area in the vicinity of 4V can be en- 
larged without decreasing the capacity. Thus, Mn can 
be produced by a redox reaction to allow to furnish a 
positive electrode active material capable of realizing a 
high capacity and a high discharge capacity. 
[0040] Moreover, according to the present invention, 
part of Mn of Li x Mn y Fe 1 . (y+z) P0 4 , used as a positive 
electrode active material, is replaced by Fe and a metal 
element A. Since this Fe and the metal element A are 
able to dilute the Yarn-Teller effect ascribable to Mn 3 *, 
distortion of the crystal structure of Li x Mn y Fe 1 . (y+z) P0 4 
may be prevented from occurring. Moreover, since the 
proportion y of Mn is set so that 0.5 <y< 0.95, the range 
of the high discharge voltage area in the vicinity of 4V 
can be enlarged without decreasing the capacity. Thus, 
Mn can be produced by a redox reaction to allow to fur- 
nish a positive electrode active material capable of re- 
alizing a high capacity and a high discharge capacity. 
[0041] According to the present invention, 
LixMnyFe^yPO^ in which Mn can be produced on redox 
and which achieves a high capacity and a high dis- 
charge voltage, is used as the positive electrode active 
material of the non-aqueous electrolyte cell. Thus, a 
non-aqueous electrolyte cell may be furnished having 
superior charging/discharging characteristics and which 
may be made compatible with the customary lithium cell. 
[0042] Moreover, according to the present invention, 
LixMnyFe^^PO^ in which Mn can be produced on 
redox and which achieves a high capacity and a high 
discharge voltage, is used as the positive electrode ac- 
tive material of the non-aqueous electrolyte cell.. Thus, 
a non-aqueous electrolyte cell may be furnished having 
superior charging/discharging characteristics and which 
may be made compatible with the customary lithium cell. 
[0043] The positive electrode active material accord- 
ing to the present invention contains Mn-based 
Li x Mn y A 1 . y P0 4 of the olivinic structure, in which a metal 
element selected from among Ti, Zn, Mg and Co is sub- 
stituted for part of Mn. In this Li x MnyA^P0 4 , a metal 
element selected from among Ti, Zn, Mg and Co is sub- 
stituted for part of Mn, or plural metal elements selected 
from among Tl, Fe, Zn, Mg and Co are substituted for 
part of Mn. Since the metal element A is able to dilute 
the Yarn-Teller effect ascribable to Mn 3 *, it is possible 
to suppress distortion of the crystal structure of 
Li x Mn y A 1 . y P0 4 . Thus, according to the present inven- 
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tion, a positive electrode active material may be fur- 
nished in which Mn generation on redox, so far retained 
to be difficult, can be realized to assure a high discharge 
voltage and superior charging/discharging characteris- 
tics. 5 
[0044] The non-aqueous electrolyte cell according to 
the present invention uses Li x Mn y A 1 . y P0 4l capable of 
generating Mn on redox, is used as positive electrode 
active material; thus realizing a non-aqueous electrolyte 
cell having a high discharge voltage and superior charg- 10 
ing/discharging characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0045] 



15 



Fig. 1 is across-sectional view showing an illustra- 
tive structure of a non-aqueous electrolyte cell ac- 
cording to the present invention. 
Fig.2 shows a powder X-ray diffraction pattern of 20 
each of LiMn0.6Fe0.4PO4 heated and synthesized 
by heating at 450°C, 500°C, 600°C or 700°C in Ex- 
ample 1 . 

Fig.3 shows a powder X-ray diffraction pattern of 
LiMnP04 synthesized in Comparative Example 1 . 25 
Fig.4 shows charging/discharging characteristics of 
a cell which uses LuMn0.6Fe0.4PO4, synthesized 
at 600°C in Example 1 . 

Fig.5 shows charging/discharging characteristics of 
a cell which uses LiMnP04, synthesized in Com- 30 
parative Example 1 . 

Fig.6 shows charging/discharging characteristics of 
a cell which usesLiMn 0 7 Fe 0 3 P0 4 , synthesized in 
Example 2, and LiMn0.75Fe0.25PO4, synthesized 
in Example 3. 35 
Fig.7 shows charging/discharging characteristics of 
a cell which uses LiMn 0 . 7 Fe 0 . 3 PO 4l synthesized in 
Example 2, as a positive electrode active material. 
Fig.8 shows charging/discharging characteristics of 
a cell which uses LiMn 075 Fe 0 25 P0 4 , synthesized 40 
in Example 3, as a positive electrode active mate- 
rial. 

Fig.9 shows charging/discharging characteristics of 
a cell which uses LiMn 0 . 7 Fe 0 3 P0 4 , synthesized in 
Example 2, as a positive electrode active material. *s 
Fig.1 0 shows a powder X-ray diffraction pattern of 
LiMn 0 7 Fe 0 2 Tio n P0 4 , synthesized in Example 4, as 
a positive electrode active material. 
Fig.11 shows charging/discharging characteristics 
of a cell which uses LiMn 07 Fe 02 Ti 0/l PO 4 , synthe- so 
sized in Example 4, as a positive electrode active 
material. 

Fig.12 shows a powder X-ray diffraction pattern of 
LiMn 0 . 7 Fe 0i25 71o.o5P04 synthesized in Example 5. 
Fig.1 3 shows charging/discharging characteristics 55 
of a cell which uses LiMn 0 7 Fe 0 25 Ti 0 05 PO 4> synthe- 
sized in Example 5, as a positive electrode active 
material. 



Fig. 14 shows a powder X-ray diffraction pattern of 
LiMn 0 8 7i 0 2 P0 4 , synthesized at 500° and 600°C, in 
Example 6. 

Fig. 15 shows a powder X-ray diffraction pattern of 
LiMnP0 4 , synthesized in Comparative Example 2. 
Fig. 1 6 shows charging/discharging characteristics 
charging/discharging characteristics of a cell, which 
uses of LiMn 0 8 Ti 0-2 PO 4j synthesized at 600°C, in 
Example 6, as a positive electrode active material. 
Fig. 17 shows charging/discharging characteristics 
of a cell which uses LiMnP0 4 , synthesized in Com- 
parative Example 2, as a positive electrode active 
material. 

Fig.1 8 shows a powder X-ray diffraction pattern of 
LiMn 0 8 Tl 0 2 P0 4 , synthesized in Example 7. 
Fig.1 9 shows charging/discharging characteristics 
of a cell which uses LiMn 08 Ti 02 PO 4 , synthesized 
in Example 7, as a positive electrode active mate- 
rial. 

Fig.20 shows a powder X-ray diffraction pattern of 
LiMn 0 8 "T1 0 2 P0 4 , synthesized in Example 8. 
Fig.21 shows charging/discharging characteristics 
of a cell which uses LiMn 08 Ti 0t2 PO 4 , synthesized 
in Example 8, as a positive electrode active mate- 
rial. 

Fig.22 shows a powder X-ray diffraction pattern of 
LiMn 0 8 7i 0-2 PO 4 , synthesized in Example 9. 
Fig.23 shows charging/discharging characteristics 
of a cell which uses LiMn 08 Tl 02 PO 4 , synthesized 
in Example 9, as a positive electrode active mate- 
rial. 

Fig.24 shows a powder X-ray diffraction pattern of 
LiMn 0 . 7 Fe 0 2 Ti 0 1 P0 4 , synthesized in Example 9. 
Fig.25 shows charging/discharging characteristics 
of a cell which uses LiM n 0 7 Fe 0 2 Ti 0 1 P0 4 synthe- 
sized in Example 10. 

Fig.26 shows a powder X-ray diffraction pattern of 
LiMn 0 7 Fe 0 . 25 Ti 0X) 5PO 4 synthesized in Example 5. 
Fig.27 shows charging/discharging characteristics 
of a cell which uses LiMn 0 7 Fe 0 25 Ti 0 05 PO 4 , synthe- 
sized in Example 5, as the positive electrode active 
material. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0046] Referring to the drawings, preferred embodi- 
ments of a positive electrode active material and a non- 
aqueous electrolyte cell according to the present inven- 
tion will be explained in detail. 
[0047] In the present invention, a positive electrode 
active material has an olivinic structure and contains a 
compound represented by the general formula 
Li x Mn y Fe.,. y P0 4 , where 0 <x£ 2 and 0.5 <y< 0.95. 
[0048] Also, in the present invention, a positive elec- 
trode active material has an olivinic structure and con- 
tains a compound represented by the general formula 
Li x Mn y B 1 . y P0 4 , where 0 <x^ 2, 0 <y< 1 and B is a metal 
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element selected from the group of Ti, Fe, Zn, Mg and 
Co. 

[0049] If the metal element B is comprised of a sole 
metal element, the compound represented by 
U x Mr\ y B H P0 4 may specifically be enumerated by 
U Mn/rVyPO,, Li x Mn y Zn 1 P0 4l Li x Mn y M gi . y P0 4 and 
L^MnyCo^PC^. y y 

[0050] If the metal element B is comprised of plural 
elements, the compound represented by 
Li x Mn y B 1 . y P0 4 may be enumerated by Ll x Mn (Ti 
Co),. y P0 4t Li.MnyfFl, Fe)^P0 4 , Li x Mn(U, Zn)^Jo' 
Li x Mn y (Ti, Co^PO^ Li^fFe, Zn) 1 . y P0 4 , Li.MnJFe, 
Mg)i- y P0 4 , Li x Mny(Fe, Co^PC^, Li.MnyCZn, 
Mgh. y P0 4t U x m y (Zn, Co) 1 . y P0 4 and Li.MrUMg, 
CoJ^yPO^ where the proportions of the elements in 
parantheses 0 are arbitrary. 

[0051] Heretofore, if LiMnP0 4 of an olivinic structure, 
mainly composed of Mn, is used a positive electrode ac- 
tive material for the lithium secondary cell, the resulting 
lithium secondary cell is difficult to oeprate as a cell. Al- 
though the reason therefor is not necessarily clear it 
may presumably be the following: 
[0052] When the cell is in a charged state, that is as 
Li is taken out from LiMnP0 4 having the olivinic struc- 
ture, Mn2+ is oxidized to Mn 3 * which Mn 3 * gives rise to 
the Yam-Teller effect to induce the inter-element inter- 
action of Mn 3 * -O- Mn 3 * Since this interaction bertween 
elements by the Yarn-Teller effect distorts the entire 
crystal structure of LiMnP0 4 , the Mn redox reaction be- 
comes difficult to take place to obstruct the operation as 
the cell. 

[0053] So, the positive electrode active material ac- 
cording to the present invention contains 
Li x Mn y Fe 1 . y P0 4 , corresponding to Mn-based LiMnP0 4 
of the olivinic structure in which part of Mn is replaced 
by Fe. 

[0054] The Fe partially replacing Mn is able to sever 
the interaction between elements of Mn 3 * -O- Mn 3 * 
which is produced when Li x Mn y F ei P0 4 is in the elec- 
trically charged state. That is, since the Yarn-Tellereffect 
by Mn 3 * is diluted, the distortion of the Li x Mn v F ei P0 4 
as the entire crystal structure is suppressed to atevel 
capable, of yielding Mn by the redox reaction. So, the 
positive electrode active material, containing the com- 
pound of the olivinic structure represented by 
Li x Mn y Fe 1 .yP0 4 is able to yield Mn by the redox reaction 
to realize the cell operation. 

[0055] Meanwhile, the charging/discharging charac- 
teristics of this Li x Mn y Fe^P0 4 exhibit two characteris- 
tic flat discharge voltage areas in the vicinitry of 4V and 
in the vicinity of 3.6V. In routine Li.MnyFe^PCU, 'f the 
proportion of Mn is increased to realize a high voltage 
that is if the proportion of Mn exceeds 0.5, the discharge 
capacity of the entire cell is lowered. The resuft is that 
superior properties of Mn of high redox potential cannot 
be sufficiently displayed such that only a low discharge 
voltage can be achieved. 

[0056] However, with L^Fe^PC^, synthesized 



by a technique as described subsequently, a high dis- 
charge capacity can be maintained even in a range in 
which the proportion y of Mn exceeds 0.5. Since the pro- 
portion of Mn, as an element having a high redox poten- 
5 tial, in Li x Mn y Fe 1 . y P0 4t can be increased with respect 
to Fe, the capacity of the discharge voltage in the vicinity 
of 4V as a higher voltage can be increased. That is, 
L^MnyFe^yPCU is able to realize a high discharging 
voltage, as a high capacity is maintained, if the propor- 
*o tion y of Mn exceeds 0.5. 

[0057] Specifically, the proportion y of Mn is set so that 
0.5 <y< 0.95. That is, if the proportion y of Mn is not 
larger than 0.5, the proportion of Mn in Li x Mn y Fe w P0 4 
is small to cause the lowering of the discharge voltage 
™ On the other hand, if the proportion y of Mn is not less 
than 0.95, the proportion of Fe is small so that the Yam- 
Teller effect by Fe tends to fall short to render Mn gen- 
eration by the redox reaction difficult. 
[0058] It is also desirable for a portion of 
20 LgUnyFe^PC^ to be not larger than 10 u.m in crystal 
grain size. If Li x MnyF ei .yP0 4 contained in the positive 
electrode active material in its entirety is of a crystal 
grain size 10 urn in crystal grain size or larger, crystalli- 
zation proceeds excessively such that coarse crystal 
25 grains are liable to be predominant in Li x Mn v F ei P0 4 
The result is that lithium as charge carrier cannot be dif- 
fused smoothly in the crystal grains of the positive elec- 
trode active material. 

[0059] If L^MnyFe^yPC^ contains crystals with crys- 
30 tal grain size not larger than 1 0 u.m in size, it is possible 
to assure smooth lithium ion diffusion in the positive 
electrode active material. 

[0060] Moreover, the positive electrode active mate- 
nal of the present invention contains Li x Mn v B.i P0 4 
35 having a structure such that an adequately seated 
metal element B is substituted for Mn in Mn-based 
LiMnP0 4 of the olivinic structure. 
[0061] The metal element B, partially substituted for 
Mn, is able to sever the interaction between the ele- 
40 ments Mn 3 * - 0 - Mn 3 * produced when Li x Mn v B 1 V P0 4 is 
in an electrically charged state. That is, since the Yam- 
Teller effect by Mn 3 * is diluted, the distortion of the entire 
crystal structure of Li x Mn y B 1 . y P0 4 is suppressed to a 
level with which it is possible to yield Mn by the redox 
45 reaction. So, with the positive electrode active material 
of the olivinic structure, containing the compound rep- 
resented by Li x Mn y B 1 . y P0 4 , it is possible to permit Mn 
to be yielded by the redox reaction to realize the oper- 
ation as the cell. 

» [0062] In this Li.MnyB^yPO^ the proportion y of Mn 
may be such that 0 < y <1 . That is, the metal element B 
(1 -y) can be partially substituted for Mn in a range of 0 
< (1 -y) <1 . However, the metal element B (1 -y) may pref- 
erably be partially substituted for Mn in a range of 0 05 
55 £(1-y)s;0.5. If the proportion 1 -y of the metal element 
B is less than 0.05, the effect of diluting the Yarn-Teller 
effect ascribable to Mn 3 * tends to fall short. If the pro- 
portion 1 -y of the metal element B exceeds 0.5, the pro- 
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portion of Mn, playing the dominating role in the redox 
reaction, in LixMnyB^yPC^, is in shortage, thus possibly 
loweing the energy density of the cell. 
[0063J In addition, a portion of Li x Mn y B 1 . y P0 4 is de- 
sirably of a grain size not larger than 10 If 
Li x Mn y B 1 . y P0 4 , contained by the positive electrode ac- 
tive material, is of a particle size 1 0 u.m or more in its 
entirety, it is feared that crystallization proceeds exces- 
sively such that coarse-sized crystal grains account for 
a major portion of Li x Mn y B 1 . y P0 4 . The result is that lith- 
ium as a charge carrier possibly cannot be diffused in 
the particles of the positive electrode active material 
[0064] If a certain portion of Ll x Mn y B 1 . y P0 4 has a 
grain size 10 ujn or less, it is possible to provide for 
smooth diffusion of lithium ions in the positive electrode 
active material. 

[0065] Moreover, in the Li x Mn y Fe 1 . y P0 4 and 
Li x Mn y B 1 . y P0 4 , the Buinauer Emmet Taylor (BET) spe- 
cific surface area is preferably not less than 0.5 m 2 /g. In 
the case of the positive electrode active material of a 
larger grain size, the surface area is diminished. If, un- 
der this condition, a large current is caused to flow, that 
is if a large amount of lithium ions are to be introduced 
within a short time, diffusion of lithium in the active ma- 
terial cannot catch up with the supply of lithium from out- 
side, thus apparently decreasing the volume. So, in or- 
der to provide a sufficient capacity under a large current, 
means must be provided to enlarge the specific surface 
area and hence to reduce the grain size. 
[0066] By having the BET specific surface area of the 
Li x Mn y Fe t . y P0 4 and LixMrtyB^ y P0 4 , not less than 0.5 
m 2 /g, it is possible to speed up the diffusion of lithium in 
the active material to provide a sufficient capacity even 
under a large current condition. 
[0067] Meanwhile, the compound represented by the 
above-mentioned general formula LijjMnyFe^yPC^ may 
be of a structure in which part of Mn is replaced by Fe 
on one hand and at least one metal element A selected 
from the group of Ti and Mg. That is, the positive elec- 
trode active material may contain a compound repre- 
sented by the general formula Li x Mn y Fe z A 1 ^ y+z) P0 4 
where 0 <x< 2, 0.5 <y<0.9 and 0.5 <y+z< 1 , A being at 
least one metal element selected from the group of Ti 
and Mg. 

[0068] In this LixMnyFe^.^PO^ the substitution 
element A is able to sever the element-to-element inter- 
action of Mn 3 * -O- Mn 3+ , produced when 
LijjMnyFe^. ( y+Z )P0 4 is in a charged state, as in the 
case of Fe described above. That is, since the Yarn-Tell- 
er effect by Mn 3 * is diluted, the distortion of the entire 
crystal structure of Ll x Mn y Fe 2 A 1 . (y+Z )P0 4 is suppressed 
to a level in which it is possible to generate Mn by the 
redox reaction. Consequently, the positive electrode ac- 
tive material, containing a compound of the olivinic 
structure, represented by Li x Mn y Fe z A 1 . (y+z jP0 4> ena- 
bles Mn to be generated by a redox reaction to assure 
the operation as a cell. 

[0069] Taking an exemplary compound represented 



by the general formula L^MnyFe^ y P0 4 , the method for 
synthesizing a Mn-based phosphoric acid compound 
having the olivinic structure is hereinafter explained. 
[0070] For synthesizing Li x Mn y Fe 1 . y P0 4 , plural start- 
5 ing materials for synthesis of the compound represented 
by the general formula Li x Mn y Fe 1 . y P0 4 are mixed to- 
gether to form a precursor. This precursor from the mix- 
ing step is sintered and reacted by way of performing a 
sintering step. 

10 [0071] In the mixing step, iron oxalate FeC 2 0 4 , man- 
ganese oxide MnC0 3 , ammonium hydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate Li 2 C0 3 , as starting 
materials for synthesis, are mixed together at a pre-set 
ratio to from a precursor. 

15 [0072] In the mixing process, starting materials for 
synthesis are mixed together sufficiently to mix respec- 
tive starting materials homogeneously to increase con- 
tact points to render it possible to synthesize 
Li x Mn y Fe 1 . y P0 4 at a temperature lower than the routine- 
20 |y used temperature. 

[0073] In the sintering process, the above precursor 
is heated at a pre-set temperature in an inert gas atmos- 
phere, such as nitrogen. This permits synthesis of 
LixMnyFe.j.yPO^ 

25 [0074] Iron oxalate, used as a starting material for 
synthesis, has the decomposition temperature lower 
than that of iron phosphate hitherto used as a starting 
material for synthesis. Thus, by enploying iron oxalate 
as a starting material for synthesis, the reaction of syn- 

30 thesis of Li x Mn y Fe 1 . y P0 4 can be carried out promptly. 
Moreover, by employing iron oxalate as a starting ma- 
terial for synthesis of Li x Mn y Fe 1 . y P0 4l there is no risk 
of damaging e.g., a reaction device because no gases, 
such as acidic gases, which might affect the surround- 

35 ing, are produced during firing. 

[0075] In the above-described synthesis method, in 
which iron oxalate is used as the starting material for 
synthesis and the precursor is fired in a nitrogen stream, 
Li x Mn y Fe 1 . y P0 4 can be synthesized at a temperature of 

40 300°C appreciably lower than the routinely used tem- 
perature of 800°C. In other words, Li x Mn y Fe 1 . y P0 4 can 
be synthesized in a temperature range broader than that 
hitherto used to increase the latitude of selection of the 
precursor firing temperature (sintering temperature). It 

45 is noted that, if the sintering temperature is as high as 
800 °C, the energy consumption is correspondingly in- 
creased, while the load applied to the reaction device is 
also increased. 

[0076] The present inventors directed attention to the 
so relation between the temperature of firing the precursor 
in synthesizing Li x Mn y Fe 1 . y P0 4 and the capacity of the 
cell which uses this L^MnyFe^yPC^ as an active mate- 
rial, and conducted researches into the optimum tem- 
perature for synthesizing Li x Mn y Fe 1 . y P0 4 for realizing 
55 the high capacity. 

[0077] As a result, it has been shown that the firing 
temperature for the Li x Mn y Fe 1 . y P0 4 precursor is prefer- 
ably not lower than 350°C and not higher than 790°C. 
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If the firing temperature is lower than 350°C, there is a 
risk that the chemical reaction and crystallization cannot 
proceed sufficiently such that homogeneous 
Ll x Mn y Fe 1 . y P0 4 cannot be produced. On the other 
hand, if the sintering temperature exceeds 790 o C, crys- 
tallization tends to proceed in excess to retard the lithi- 
um diffusion. Thus, by sintering the precursor at a tem- 
perature range of 350'C to 790«C to synthesize 
Li x Mn y F ei . y P0 4l it is possible to synthesize homogene- 
ous Li x Mn y Fe 1 ^P0 4 to achieve a high capacity exceed- 
ing 120 mAh/g which is the capacity of Li x Mn y Fe 1 V P0 4 
synthesized by the conventional manufacturing method. 
[0078] The sintering temperature is more preferably 
in a range from 450 «C to 700°C. By firing the precursor 
in the range from 450°C to 700°C to synthesize 
L^MriyFe!. y P0 4 , a real capacity an be achieved which 
approaches to 1 70 mAh/g as the theoretical capacity of 
Li x Mn y Fe 1 . y P0 4 . 1 
[0079] In the manufacturing method for the positive 
electrode active material, described above, in which iron 
oxalate is used as the starting material, the synthesis 
reaction proceeds expeditiously, while no gas likely to 
pollute the surrounding is produced during the reaction 
So, the single-phase Li x Mn y F ei . y P0 4 can be produced 
at a temperature lower than the routinely used temper- 
ature. So, with the present manufacturing methodfor the 
positive electrode active material, Li x Mn v F ei V P0 4 ca- 
pable of realizing the high capacity can be produced 
[0080] Meanwhile, if, in synthesizing Li x Mn v F ei v PO, 
there is left residual air in the procursor, fe+ \ n iron 
oxalate, as a bivalent iron compound, tends to be oxi- 
dized by oxygen in air to Fe3+, so that a trivalent iron 
compound tends to be mixed into as-synthesized 
Li x Mn y Fe 1 . y P0 4 . 

[0081] Therefore, in the above-described mixing 
process, it is desirable to add e.g., iron powders Fe as 
a reducing agent to a mixture at a pre-set mixing ratio 
of iron oxalate FeC 2 0 4f manganese carbonate MnC0 3 
ammonium hydrogen phosphate NH 4 H 2 P0 4 and lithium 
carbonate Li 2 C0 3 and to mix these materials sufficiently 
to yield a precursor. 

[0082] If Fe2+ in iron oxalate, as a bivalent iron com- 
pound, is oxidized to Fe3+ with oxygen in air contained 
in the precursor, the iron powder, contained in the pre- 
cursor, reduces the Fe*+ to Fe2+. This prevents the tri- 
valent iron compound from being mixed into as-synthe- 
sized Li x Mn y F ei . y P0 4 , thus enabling a single-phase 
Li x Mn y Fe 1 . y P0 4 to be produced. 
[0083] The iron powder is added as a reducing agent 
while becoming a part of the starting material for syn- 
thesis so as to be synthesized into the Li x Mn v F ei PO A 
as an ultimate product. If the reducing agent is a part of 
the spindle motorfor synthesis of Li x MnF ei y P0 4 itbe- 
comes unnecessary to remove the reducing agent left 
after the end of the reaction, thus enabling 
Li x Mn y F ei . y P0 4 to be synthesized efficiently. 
[0084] If iron powders are used as a portion of the re- 
ducing agent or as a portion of the starting material for 



synthesis of Li x Mn y Fe 1 . y P0 4 , the iron powder is prefer- 
ably added to the precursor in an amount ranging be- 
tween 1 and 30 wt% to the sum total of Fe in the starting 
iron material. If the amount of addition of iron powders 
5 is less than 1 wt%, there is a risk that oxidation of Fe2+ 
cannot be prevented sufficiently. Moreover, the iron 
powders Fe are low in reactivity as compared to Fe* + 
contained in iron oxalate FeC 2 0 4( so that, if the amount 
of addition of the iron powders is morethan 30 wt% the 
10 synthesis reaction of Li x Mn y Fe 1 . y P0 4 is not likely to 
progress sufficiently. 

[0085] Thus, by setting the amount range of addition 
of the iron powders to 1 to 30 wt% with respect to Fe in 
the iron starting material, it is possible to prevent oxida- 
tion of Fe*+ without obstructing the synthesis reaction 
to yield single-phase L^Mn/e^PC^, 
[0086] Except if a solid product is left over following 
the finng process, oxiic acid, formic acid or hydrogen 
for example, may be used, besides iron powders, as the 
2 o reducing agent. 

[0087] In the above-described manufacturing method 
for the positive electrode active material, as described 
above, since the reducing agent is added to the precur- 
sot - in synthesizing Li.MnyFe^PO,, the single-phase 
Li x Mn y Fe 1 . y P0 4 can be synthesized without the risk of 
mixing of the impurities. Moreover, Li x Mn y F ei v P0 4 can 
be synthesized at a temperature lower than the routinely 
used temperature. So, with the present positive elec- 
trode active material, Li x Mn y F ei . y P0 4 capable of real- 
30 izing a high capacity can be produced. 

[0088] By employing Li x Mn y F ei . y P0 4 , synthesized as 
descnbed above, as the positive electrode active mate- 
nal, lithium ions can be doped/undoped satisfactorily to 
enable a non-aqueous electrolyte cell to be produced 
35 which has a high capacity and superior cyclic charac- 
teristics. 

[0089] The Li x Mn y Fe 1 . y P0 4 , which poves the positive 
electrode active material, may also be produced by the 
following method. First, plural substances, as starting 
<o material for a compound represented by the general for- 
mula Li x Mn y F ei . y P0 4l are mixed together in a mixing 
step to form a precursor. The precursor, formed in the 
mixing step, is freed of air in a de-airing step. The pre- 
cursor, freed of air in the de-airing step, is fired and re- 
acted by way of a sintering step to yield Lyviry^ V P0 4 
[0090] In the mixina steo. iron acetate F*/ru r>Jw 



[0090] In the mixing step, iron acetate Fe(CH,COO), 
manganese carbonate MnC0 3> ammonium dihydrogen 
phosphate NH 4 H 2 P0 4 and lithium carbonate LijCO, as 
starting materials for synthesis, are mixed together at a 
50 pre-set ratio to give a precursor. 

[0091 J in the de-airing step, this precursor is homog- 
enized sufficiently and de-aired to remove the air con- 
tamed in the precursor. For de-airing, the atmosphere 
of the precursor is evacuated and an inert gas is then 
introduced. As another example of the de-airing, a sol- 
vent boiling at 250 «C or lower is caused to co-exist with 
the precursor to vaporize the dsolvent in the inert gas 
This removes air contained in the precursor. Examples 
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of the solvent boling at 250°C or lower include water and 
ethanol. 

[0092] In the sintering step, the precursor de-aired as 
described above, is sintered at a pre-set temperature in 
an inert gas atmosphere, such as nitrogen to synthesize 
Li x Mn y Fe 1 . y P0 4 . 

[0093] If, in synthesizing LixMnyFe^PO^ air is left 
over in the precursor, Fe 2+ in iron acetate, as a bivalent 
iron compound, is occasionally oxidized with oxygen in 
air to Fe 3 *- The result is that a trivalent iron compound 
may occasionally be admixed as an inmpurity into as- 
synthesized Li x Mn y Fe 1 . y P0 4 . 

[0094] So, in the above-described de-airign step, air 
contained in the precursor is removed by de-airing to 
prevent oxidation of Fe 2+ contained in iron acetate. This 
prevents the trivalent iron compound from being mixed 
into the as-synthesized Li x Mn y Fe 1 . y P0 4 thus enabling 
the single-phase Li x Mn y Fe 1 . y P0 4 to be produced. 
[0095] The sintering temperature, that is the temper- 
ature at which the precursor is sintered in synthesizing 
Li x Mn y Fe 1 . y P0 4 , is preferably 350°C to 790°C, as in the 
above-mentioned sintering temperature. 
[0096] In the above-described method for the prepa- 
ration of the positive electrode active material, the pre- 
cursor is de-aired in synthesizing Li x Mn y Fe 1 . y P0 4 , thus 
preventing oxidation of Fe 2+ . Moreover, 
Li x Mn y Fe 1 . y P0 4 can be synthesized at a lower sintering 
temperature. Thus, with the present method for the 
preparation of the positive electrode active material, 
Li x Mn y Fe 1 . y P0 4 capable of achieving a high capacity 
may be produced. 

[0097] By employing L^MnyFe^yPO^ prepared as 
described above, as the positive electrode active mate- 
rial, lithium ioms are doped/undoped satisfactorily to en- 
able a non-aqueous electrolyte cell of high apacity and. 
superior cyclic characteristics to be produced. 
[0098] The Li x Mn y Fe 1 . y P0 4 , used as the positive 
electrode active material, may also be produced as now 
explained. In this case, the positive electrode active ma- 
terial, containing L^MnyFe^yPO^ is synthesized as a 
composite sample formed of Li x Mn y Fe 1 . y P0 4 and an 
electrification agent. 

[0099] First, plural substances, as starting material for 
Li x Mn y Fe 1 . y P0 4 , are mixed together to form a precursor. 
The precursor, obtained in the mixing step, is sintered 
and reacted by way of performing a sintering step. At 
this time, an electrification agent is added to the starting 
materials for synthesis or to the precursor. 
[01 00] The electrification agents may be enumerated 
by carbon, copper and electrically conductive high pol- 
ymer material. The carbon may be exemplified by a va- 
riety of carbon blacks, such as graphite or acetylene 
black. 

[0101] The electrification agent is preferably added in 
an amount range of 0.5 to 20 parts by weight to 1 00 parts 
by weight of LixMnyFe^yPCV If the amount of the elec- 
trification agent is less than 0.5 wt%, no favorable effect 
is likely to be produced, if the amount of the electrifica- 



tion agent exceeds 20 wt%, the proportion of 
LixMnyFe^ y P0 4 , as a main partner to the oxidation, in 
the positive electrode active material, is small, such that 
the non-aqueous electrolyte cell produced tends to be 

5 only low in energy density. 

[0102] Thus, by adding electrification agent in an 
amount of 0.5 to 20 parts by weight to 100 parts by 
weight of Li x Mn y Fe 1 . y P0 4 , in the positive electrode ac- 
tive material, load characteristics as well as electrode 

10 moldability can be improved to achieve the high capacity 
of the non-aqueous electrolyte cell having the compos- 
ite sample as the positive electrode active material. 
[0103] As a manufacturing method for synthesizing a 
composite sample of the positive electrode active ma- 

15 terial, a manufacturing method for synthesizing a 
Li x Mn y Fe 1 . y P0 4 carbon compound material, comprised 
of Li x Mn y Fe 1 . y P0 4 and carbon as an electrification 
agent, is now explained. 

[0104] In adding carbon to the precursor of 

20 Li x Mn y Fe 1 . y P0 4 , iron oxalate FeC 2 0 4 , ammonium dihy- 
drogen phosphate NH 4 H 2 P0 4 , lithium carbonate 
Li 2 C0 3 and manganese acetate tetrahydride Mn 
(CH 3 CO) 2 .4H 2 0 or manganese carbonate MnC0 3 as 
starting materials for synthesis are mixed thoroughly at 

25 a pre-set mixing ratio to form a precursor. This precursor 
is calcined at a low temperature in an inert gas atmos- 
phere such as nitrogen. The calcined precursor and car- 
bon are mixed together and pulverized. In the sinrtering 
process, the resulting pulverized product is sintered at 

30 a pre-set temperature, in an inert gas atmosphere, to 
produce a Li x Mn y Fe 1 . y P0 4 carbon compound material. 
[0105] In adding carbon to the starting materials for 
synthesis of Li x Mn y Fe 1 . y P0 4t carbon is added at the 
outset to a starting material for synthesis, comprised of 

35 iron oxalate FeC 2 0 4 , ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 , lithium carbonate Li 2 C0 3 and manganese 
acetate tetrahydride Mn(CH 3 CO) 2 -4H 2 0 or manganese 
carbonate MnC0 3 and mixed together. The resulting 
mixture is then sintered at a pre-set temperature in an 

40 inert gas atmosphere, such as nitrogen, to produce a 
Li x Mn y Fe 1 . y P0 4 cartoon compound material. 
[0106] In the above-described synthesis method, the 
starting materials for synthessis are mixed sufficientlyto 
prepare a precursor. By mixing the starting materials for 

45 synthesis sufficiently, the respective starting materials 
are mixed together homogeneously to prepare a precur- 
sor having increased contact points. This precursor is 
sintered in a nitrogen atmosphere and synthesized to 
render it possible to sinter the precursor to synthesize 

so a compoud sample at a temperature of, for example, 
300°C, which is appreciably lower than 800°C as the 
sintering temperature used in synthesizing 
Li x Mn y Fe 1 . y P0 4 by the conventional method. 
[0107] In other words; Li x MnyFe Vy P0 4 carbon com- 

55 pound material can be synthesized in a temperature 
range broader than that hitherto used to increase the 
latitude of selection of the temperature used for synthe- 
sis. This sintering temperature is preferably not lower 
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than 350°C and not higher than 790 *C and more pref- 
erably not lower than 450°C and not higher than 700°C. 
[01 08] In the manufacturing method for the compound 
sample made up of HM^Fe,. y P0 4 and an electrifica- 
tion agent, a positive electrode active material having 
load characteristics and electrode moldability better 
than those of the positive electrode active material 
formed solely of Li x Mn y Fe 1 . y P0 4 can be synthesized. If 
the electrification agent newly added in preparing the 
electrode is of minor quantity, the positive electrode ac- 
tive material, thus prepared, exhibits optimum load char- 
acteristics and electrode moldability. Moreover, the pos- 
itive electrode active material, thus prepared, enables 
the use of an electrification agent of a higher volumetric 
density, such as graphite. 

[0109] Thus, the non-aqueous electrolyte cell, con- 
taining the compound sample as the positive electrode 
active material, enables smooth electron migration in 
the electrode, thus being of high capacity and of opti- 
mum cyclic characteristics. The non-aqueous electro- 
lyte cell may be of a large electrode volume, since there 
is no necessity of adding new electrification agent to the 
positive electrode mixture, thus assuring a high energy 
density. 

[0110] In theforegoing description, the method forthe 
preparation of a compounr, represented by 
Li x Mn y Fe 1 . y P0 4 , has been explained If a compound 
represented by the general formula Li x Mn (v+z) P0 4 
is to be prepared, plural substances as the starting ma- 
terials for the metal element A are mixed and otherwise 
the same method as the method for the preparation of 
Li x Mn y Fe 1 . y P0 4 described above is followed to prepare 
Li x Mn y Fe Hy+z) P0 4 . 

[0111] According to the present invention, 
Li x Mn y B 1 . y P0 4 having the olivinic structure can be syn- 
thesized in a number of ways. If, for example, the metal 
element B is Ti, titanium oxide Ti0 2 , manganese car- 
bonate MnC0 3 , ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate Li 2 C0 3 , as starting 
materials forsynthesis, are mixed togetherto form a pre- 
cursor. This precursor then is heated at a pre-set tem- 
perature in an inert gas atmosphere of e.g., nitrogen to 
synthesize L^MnyTi^yPO,^. 

[0112] Meanwhile, if the metal element B is another 
element, or is comprised of plural elements, corre- 
sponding compounds can be synthesized in a manner 
similar to synthesis of Li x Mn y Ti 1 . y P0 4 described above. 
Specifically, a compound containing the metal element 
B, the aforementioned manganese carbonate MnC0 3 , 
ammonium dihydrogen phosphate NH 4 H 2 P0 4 and lith- 
ium carbonate Li 2 C0 3 are mixed together at a pre-set 
ratio to form a precursor. This precursor then is heated 
at a pre-set temperature in an inert gas atmosphere 
such as nitrogen, to form Li x Mn y B 1 . y P0 4 . The com- 
pounds containing metal elements B may be enumerat- 
ed by, for example, magnesium oxalate MgC 2 0 4 .2H 2 0, 
zinc oxide ZnO, cobalt oxalate CoC 2 0 4 .2H 2 0 and iron 
oxalate FeC 2 0 4 -2H 2 0. 



[0113] The specified heating temperature forthe pre- 
cursor is preferably not lower than 300°C and not higher 
than 790 °C. The olivinic single-phase Li x Mn y B 1 P0 4 
can be obtained by heating the precursor within this tem- 
s perature range. If the synthesis temperature of 
Li x Mn y B 1 . y P0 4 is lower than 300°C, it may be feared 
that neither the chemical reaction nor the crystallization 
proceeds sufficiently such that homogeneous 
Li x Mn y B 1 . y P0 4 cannot be produced. Moreover, if the 
synthesizing temperature for L^Mn^ P0 4 is higher 
than 790*0, it may be feared that crystallization pro- 
ceeds excessively to render it impossible to suppress 
precipitation of impurities. 

[0114] The non-aqueous electrolyte cell 1 , employing 
'5 L^MnyFe^PC^ or Li x Mn y B 1 . y P0 4 as positive electrode 
active material, may, for example, be produced as fol- 
lows: 

[0115] Referringto Fig.1 ,the non-aqueous electrolyte 
cell 1 includes a negative electrode 2, a negative elec- 
20 trode can 3, accommodating the negative electrode 2 
therein, a positive electrode 4, a positive electrode can 
5, accommodating the positive electrode 4 therein, a 
separator 6, arranged between the positive electrode 4 
and the negative electrode 2, and an insulating gasket 
& 7. A non-aqueous electrolytic solution is charged into 
the negative electrode can 3 and into the positive elec- 
trode can 5. 

[01 1 6] The negative electrode 2 includes a layer of a 
negative electrode active material, formed on a negative 
30 electrode current collector. The negative electrode cur- 
rent collector may, for example, be a nickel or copper 
foil. 

[0117] Such a negative electrode active material is 
used which is able to dope/undope lithium. Specifically, 
55 metal lithium, lithium alloys, lithium-doped electrically 
conductive high molecular material, or a laminate com- 
pound, such as a carbon material or metal oxide are 
used. 

[0118] As a binder contained in the layer of the neg- 
40 ative electrode active material, any suitable known resin 
material, routinely used as a binder for this sort of the 
non-aqueous electrolyte cell, may be used. 
[0119] As the negative electrode, a metal lithium foil, 
for example, which proves a negative electrode active 
45 material, may also be used. 

[0120] The negative electrode can 3, in which to hold 
the negative electrode 2, alsoserves as an external neg- 
ative electrode forthe non-aqueous electrolyte cell 1. 
[0121] The positive electrode 4 includes a layer of the 
50 positive electrode active material, containing the posi- 
tive electrode active material. This non-aqueous elec- 
trolyte cell 1 contains the aforementioned compound 
represented by the general formula Li x Mn y Fe 1 . y P0 4 or 
L ' xMn y Fei -(y+z) P0 4 as tn © positive electrode active ma- 
55 terial. Moreover, the non-aqueous electrolyte cell 1 con- 
tains a compound represented by the general formula 
Li x Mn y B 1 . y P0 4 , where 0 <x<2, 0 <y< 1 and B is a metal • 
element selected from among Ti, Zn, Mg and Co, or a 
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compound represented by the general formula 
Li x Mn y B 1 . y P0 4 , where 0 <x<2, 0 <y< 1 and B Is a metal 
element selected from among Ti, Fe, Zn, Mg and Co, as 
the positive electrode active material. As the positive 
electrode current collector, an aluminum foil, for exam- 
ple, may be used. 

[0122] As a binder contained in the layer of the posi- 
tive electrode active material, any suitable known binder 
for the layer of the positive electrode active material of 
this sort of the non-aqueous electrolyte cell, such as res- 
in materials, may be used. 

[0123] The positive electrode can 5 accommodates 
the positive electrode 4 therein, and serves as an exter- 
nal positive electrode for the non-aqueous electrolyte 
celM. 

[01 24] The separator 6, used for separating the pos- 
itive electrode 4 and the negative electrode 2 from each 
other, may be formed of any suitable known material for 
use as the separator for this sort of the non-aqueous 
electrolyte cell, and may, for example, be a film of a high 
molecular material, such as polypropylene. In view of 
the relation between the lithium ion conductivity and the 
energy density, the separator must be as thin as possi- 
ble. Specifically, the separator thickness may, for exam- 
ple, be not larger than 50 urn 
[0125] The insulating gasket 7, built into and unified 
to the negative electrode can 3, is used for preventing 
leakage of the non-aqueous electrolytic solution 
charged into the negative electrode can 3 and into the 
positive electrode can 5. 

[0126] As the non-aqueous electrolytic solution, a so- 
lution obtained on dissolving an electrolyte in a non-pro- 
tonic non-aqueous solvent is used. 
[0127] Among the usable non-aqueous solvents, 
there are, for example, propylene carbonate, ethylene 
carbonate, butylene carbonate, vinylene carbonate, y- 
butyrolactone, sulforane, 1 , 2-dimethoxyethane, 1 , 2-di- 
ethoxyethane, 2-methyltetrahydrofuran, 3-methyl 1, 
3-dioxolane, methyl propionate, methyl butyrate , dime- 
thyl carbonate, diethyl carbonate and dipropyl carbon- 
ate. In view of voltage stability, cyclic carbonates, such 
as propylene carbonate or vinylene carbonate, or 
chained carbonates, such as dimethyl carbonate, die- 
thyl carbonate or dipropyl carbonate, are preferred. 
These non-aqueous solvents may be used alone or in 
combination. 

[0128] As the electrolyte to be dissolved in a non- 
aqueous solvent, lithium salts, such as, for example, 
LiPF 6l LiCI0 4 , LiAsF 6 , LiBF 4 , LiCF 3 S0 3 , LiN(CF 3 S0 2 ) 2 , 
may be used. Of these lithium salts, LiPF 6 and LiBF 4 
are preferred. 

[0129] The non-aqueous electrolyte cell 1 contains a 
compound represented by Li x Mn y Fe 1 . y P0 4 or a com- 
pound represented by L\JMr\ y Fe^ y+t jPO Af as the posi- 
tive electrode active material. Since the proportion y of 
Mn in these compounds L^MnyFe^yPO,^ or 
Li x Mn y Fe 1 . (y+2 jP0 4 is set to a range of 0.5 <y< 0.95, a 
high discharge voltage is realized, without lowering the 



discharge capacity. So, the. non-aqueous electrolyte, 
cell 1 , employing Li x Mn y Fe 1 . y P0 4 or Li x Mn y Fe 1 . (y+2 )P0 4 
as the positive electrode active material, has a high dis- 
charge voltage in the vicinity of 4V, thus exhibiting su- 
5 perior charging/discharging characteristics. Since the 
capacity of the high voltage range in the vicinity of 4V is 
improved, the cell 1 Is designed to be compatible with 
the current lithium cell. 

[0130] There is also contained, as a positive electrode 

10 active material, a compound represented by the general 
formula Li x Mn y B 1 . y P0 4 , where 0 <x< 2, 0 <y< 1 and B 
Is an element selected from among Ti, Fe, Zn, Mg and 
Co, or a compound represented by the general formula 
Li x Mn y B 1 . y P0 4 where 0 <x^2, 0 <y< 1 and B is a metal 

15 element selected from among TI, Fe, Zn, Mg and Co. 
Since Li x Mn y B 1 . y P0 4 used as the positive electrode ac- 
tive material has a portion of Mn thereof replaced by a 
properly selected metal element B, this metal element 
B having a Yam-Teller effect ascribable to Mn 3 *, it is 

20 possible to suppress distortion of the crystal structure 
proper to L^MnyB.,. y P0 4 . In this manner, 
Li x Mn y B 1 . y P0 4 is able to realize generation of Mn by the 
redox reaction. Consequently, the non-aqueous electro- 
lyte cell 1, employing Li x Mn y B 1 . y P0 4 as the positive 

25 electrode active material, has a high discharge capacity 
in the vicinity of 4V and hence superior charging/dis- 
charging characteristics. 

[0131] The non-aqueous electrolyte cell 1 , employing 
Li x Mn y B 1 . y P0 4 or LixMnyFe^ (y+z) P0 4 as the positive 
so electrode active material, is prepared e.g., in the follow- 
ing manner. 

[0132] As the negative electrode 2, a slurried negative 
electrode mixture is prepared by dispersing the negative 
electrode active material and the binder in a solvent. The 

35 resulting negative electrode mixture Is coated uniformly 
on a current collector and dried in situ to form a layer of 
the negative electrode active material to prepare the 
negative electrode2. As the binder for the negative elec- 
trode mixture, any suitable known binder may be used. 

40 in addition, the negative electrode mixture may be add- 
ed to with known additives. The metal lithium as a neg- 
ative electrode active material may also be used directly 
as the negative electrode 2. 

[0133] In preparing the positive electrode 4, 
45 Li x Mn y Fe 1 . y P0 4 , Li x Mn y Fe z A 1 _ (y+z) P0 4 or 
LixMnyB^yPO^ as a positive electrode active material, 
an electrification agent, such as graphite, and a binder, 
are dispersed in a solvent to prepare a slurried positive 
electrode mixture. The so-produced positive electrode 
so mixture is evenly coated on the current collector and 
dried in situ to form a layer of the positive electrode ac- 
tive material to prepare the positive electrode 4. As the 
binder for the positive electrode mixture, any suitable 
known binder may be used. In addition, the positive 
55 electrode mixture may be added to with known addi- 
tives. 

[0134] The non-aqueous electrolytic solution is pre- 
pared by dissolving an electrolytic salt in a non-aqueous 
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solvent. 

[01 35] The negative electrode 2 and the positive elec- 
trode 4 are housed in the negative electrode can 3 and 
in the positive electrode can 5, respectively, and the sep- 
arator 6, formed by a polypropylene porous film, is ar- 
ranged between the negative and positive electrodes 4. 
The non-aqueous solvent is poured into the negative 
and positive electrode cans 3, 5, which are then caulked 
and secured together via the insulating gasket 7 to com- 
plete the non-aqueous electrolyte cell 1 . 
[01 36] The positive electrode active material contains 
a compound represented by the general formula 
Li x Mn y Fe 1 . y P0 4 where 0 <x< 2 and 0.5 <x< 0.95, or a 
compound represented by the general formula 
Li x Mn y Fe z A 1 . (y+2) P0 4l where 0 <x< 2, 0.5 <x< 0.95 and 
0.5 <y+z< 1 , A being at least one metal element selected 
from the group of 71 and Mg. Consequently, with this 
positive electrode active material, the Yarn-Teller effect, 
ascribable to Mn3+ and produced when 
Li x Mn y Fe 1 . y P0 4 or Li x Mn y Fe 2 A 1 . (y+2) P0 4 is in the 
charged state, is diluted. The result is that the distortion 
of the crystalline structure of Li x Mn y F ei _ y P0 4 or 
Li x Mn y Fe z A 1 . (y+z) P0 4 is suppressed to render possible 
the generation of Mn by the redox reaction which it has 
been difficult to achieve with the Mn-based phosphoric 
acid compound having the olivinic structure. Since the 
proportion y of Mn is in a range of 0.5 <y< 0.95, it be- 
comes possible to realize a high discharge voltage as a 
high capacity is maintained. 

[0137] The positive electrode active material contains 
a compound represented by the general formula 
Li x Mn y Fe 1 . y P0 4 where 0 <x< 2 and 0.5 <x< 0.95, or a 
compound represented by the general formula 
Li x Mn y Fe 2 A i-(y +2 ) P0 4. where 0 <x< 2, 0.5 <x< 0.95 and 
0.5 <y+z< 1 ,A being at least one metal element selected 
from the group of 71 and Mg. Thus, with this non-aque- 
ous electrolyte cell 1, a high discharge voltage in the 
vicinity of 4V is realized, as a high capacity is main- 
tained/so that superior charging/discharging character- 
istics are displayed. Moreover, since the capacity in the 
high voltage range in the vicinity of 4V is improved, the 
cell 1 can be made compatible with the currently avail- 
able lithium cell. 

[0138] Moreover, the positive electrode active mate- 
rial contains a compound represented by the general 
formula Li x Mn y B 1 . y P0 4 , where 0 <x£ 2 and 0 <y< 1 , with 
B being one metal element selected from among 71, Zn, 
Mg and Co, or a compound represented by the general 
formula Li^B^PC^, where 0 <x< 2 and 0 <y< 1 , with 
B being one metal element selected from among Ti, Fe, 
Zn, Mg and Co. So, with this positive electrode active 
material , the Yarn-Teller effect ascribable to Mn*+ in 
L\ x ton y B H P0 4 is diluted. The result is that the distortion 
of the crystalline structure of L^MnyFe^PC^ or 
Li x Mn y Fe z A i-( y+Z ) p 04 »s suppressed to render possible 
the generation of Mn by the redox reaction which it has 
been difficult to achieve with the Mn-based phosphoric 
acid compound having the olivinic structure. 



[0139] In the method for synthesizing the positive 
electrode active material, a method by a solid-phase re- 
action of mixing powders of a compound as a starting 
material for synthesis of Li x Mn y Fe 1 . y P0 4 or 
5 Li x Mn y Fe 2Ai- (y+z) P0 4 and heating the resulting mixture 
has been explained. The present invention is, however, 
not limited to this particular embodiment. Specifically, a 
compound represented by the general formula 
L^Mn/eLyPC^ or Li x Mn y Fe 2 A 1 . (y+2) P0 4 may be syn- 
10 thesized using the solid phase reaction or by a variety 
of chemical synthesis methods other than the solid 
phase reaction. 

[0140] Moreover, the non-aqueous electrolyte cell 1 
contains, as the positive electrode active material, a 
is compound represented by the general formula 
L'xMnyB^PO^ where 0 <x£ 2 and 0 <y< 1 , with B being 
one metal element selected from among Ti, Zn, Mg and 
Co, or a compound represented by the general formula 
Li x Mn y B 1 . y P0 4 , where 0 <x^ 2 and 0 <y< 1 , with B being 
20 one metal element selected from among Ti, Fe, Zn, Mg 
and Co. This non-aqueous electrolyte cell 1 , containing 
Li x Mn y B 1 . y P0 4 capable of generating Mn by a redox re- 
action, has a high discharge capacity and superior 
charging/discharging characteristics. 
25 [0141] The non-aqueous electrolyte cell 1 of the 
present embodiment may be of any desired shape, such 
as a cylindrical-, squared-, coin-or the like shape, with- 
out any limitations, while it may be of any desired thick- 
ness, such as a thin- or a thick-type. 
& [0142] In the above-described embodiment, a non- 
aqueous electrolyte obtained on dissolving an electro- 
lyte salt in a non-aqueous solvent is used as a non- 
aqueous electrolyte. The present invention is, however, 
not limited to this particular embodiment since it may be 
35 applied to the use of a solid electrolyte or a gelated solid 
electrolyte containing a solvent for swelling, while it may 
*be applied both to the primary cell and to the secondary 
cell. 

4 o Examples 

[0143] For checking upon the favorable effect of the 
present invention, Li x Mn y F ei . y P0 4 was synthesized 
and, using it as a positive electrode active material, a 
4 5 cell was prepared to evaluate its characteristics. 

Example 1 



[0144] First, LiMn 0 . 6 Fe 0 4 P0 4 was prepared as apos- 
50 rtrve electrode active material. 

[0145] For synthesizing LiMn 06 Fe 04 PO 4 , manga- 
nese carbonate MnC0 3 , iron oxalate dihydride 
FeC 2 0 4 .2H 2 0, ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate Li 2 C0 3 were mixed 
55 together to a molar ratio of 1 .2:0.8:2:1 and pulverized 
sufficiently in a bail mill for mixing. The resulting mixture 
then was calcined in a nitrogen atmosphere at 300 °C 
for three hours to prepare an intermediate synthesized 
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product. This intermediate synthesized product was 
mixed with acetylene black to a weight ratio of 90:1 0 and 
pulverized sufficiently in a ball mill for mixing. The re- 
sulting mixture was heated in a nitrogen atmosphere for 
25 hours at 450°, 500°, 600° or 700°C to synthesize 
LiMn 06 Fe 04 PO 4 . 

[0146] A cell was prepared using the 
LiMn 0 6 Fe 0 4 P6 4 , prepared as described above, as a 
positive electrode active material. It is noted that the cell 
was prepared using LiMn 0 6 Fe 0 4 P0 4 obtained on heat- 
ing at 600°C. 

[01 47] 85 wt% of dried LiMn 0 6 Fe 0 4 P0 4 , as a positive 
electrode active material, 1 0 wt% of acetylene black, as 
an electrification agent, and 5 wt% of polyvinylidene flu- 
oride, as a binder, were mixed uniformly in N-methyl- 
2-pyrrolidone, as a solvent, to prepare a paste-like pos- 
itive electrode mixture. Meanwhile, #1300 manufac- 
tured by Aldrich Inc. was used as polyvinylidene fluo- 
ride. 

[01 48] This positive electrode mixture was coated on 
an aluminum mesh, as a current collector, and dried at 
100°C for one hour in an argon atmosphere to form a 
layer of a positive electrode active material. 
[01 49] The aluminum mesh, now carrying the layer of 
the positive electrode active material thereon, was 
punched to a disc shape 15 mm in diameter to form a 
pellet-like positive electrode. Meanwhile, 60 mg of the 
active material was carried by one positive electrode. 
[0150] A foil of metal lithium then was punched to sub- 
stantially the same shape as the positive electrode for 
use as a negative electrode. 

[0151] Then, LiPF 6 was dissolved at a concentration 
of 1 mol/l in a solvent mixture containing propylene car- 
bonate and dimethyl carbonate in an equal volume ratio 
to prepare a non-aqueous electrolytic solution. 
[01 52] The positive electrode, prepared as described 
above, was housed in the positive electrode can, while 
the negative electrode was housed in the negative elec- 
trode can 3, and separator was arranged between the 
positive and negative electrodes. The non-aqueous sol- 
vent is poured into the negative and positive electrode 
cans 3, 5, which were then caulked and secured togeth- 
er via the insulating gasket 7 to complete a 2025 type 
coin-shaped test cell. 

Comparative Example 1 

[0153] First, LiMnP0 4 was synthesized as a positive 
electrode active material. 

[0154] For synthesizing LiMnP0 4 , manganese car- 
bonate MnC0 3 , ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate Li 2 C0 3 were mixed 
together to a molar ratio of 2:2:1 and pulverized suffi- 
ciently in a ball mill for mixing. The resulting mixture then 
was calcined in a nitrogen atmosphere at 300 °C for 
three hours to prepare an intermediate synthesized 
product. This intermediate synthesized product was fur- 
ther pulverized sufficiently in a ball mill for mixing. The 



resulting mixture was heated in a nitrogen atmosphere 
at 600°C for 24 hours to synthesize LiMnP0 4 . 
[0155] Using LiMnP0 4 as a positive electrode active 
material, a test cell was prepared in the same way as in 
s Example 1 . 

[0156] A powder X-ray diffraction pattern was meas- 
ured of each of LiMn 0 6 Fe 04 PO 4 of Example 1 and of 
LiMnP0 4 of Comparative Example 1, synthesized as 
described above, under the following conditions: 

10 

Device used: rotating anticathode Rigaku 
RINT2500 

X-rays: CuKct, 40 kV, 100 mA 
goniometer: vertical type standard, 1 85 mm in radi- 
os us 

counter monochrometer; used 
filter: not used 
slit width: 

20 divergent slit (DS) = 1° 

receiving slit (RS) = 1° 
scattering slit (SS) = 0.15 mm 

counter: scintillation counter 
25 measurement method: reflection method, continu- 
ous scan 

scanning range: 2G = 10 0 80° 
scanning speed: 4°/min 

30 [0157] Fig.2 shows respective X-ray diffraction pat- 
terns of LiMn 0 6 Fe 0 4 P0 4 , synthesized in Example 1 on 
heating at 450°, 500°, 600° or 700°C. It is seen from 
Fig.2 that no impurities other than LiMn 0 6 Fe 0 4 PO 4 are 
identified in the product such that UMn 0 6 Fe 0 4 P0 4 hav- 

35 ing the single-phase olivinic structure has been pro- 
duced. 

[0158] Fig.3 shows a powder X-ray diffraction pattern 
of LiMnP0 4 synthesized in Comparative Example 1 . It 
is seen from Fig.3 that a single-phase LiMnP0 4 has 
been produced. 

[0159] A charging/discharging test was conducted on 
the test cell fabricated as described above. 
[0160] The constant current charging was carried out 
on each test cell. At a time point when the cell voltage 

45 reached 4.5V, constant current charging was switched 
to constant voltage charging and charging was carried 
out as the voltage of 4.5V was maintained. The charging 
was finished at a time point the current reached a value 
not larger than 0.05 mA/cm 2 . The discharging then was 

50 carried out at a time point when the cell voltage was low- 
ered to 2.0 V. Meanwhile, charging and discharging 
were carried our at an ambient temperature of 23°C. 
[0161] Fig.4 shows charging/discharging characteris- 
tics of a cell, which uses LlMn 0 6 Fe 0 4 P0 4 , synthesized 

55 on heating at 600°C, as a positive electrode active ma- 
terial. Fig. 5 shows charging/discharging characteristics 
of a cell which uses LiMnP0 4 synthesized in Compara- 
tive Example 1 as a positive electrode active material. 
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[0162] As may be seen from Rg.4, the cell which uses 
LiMn 0 6 Fe 0 4 P0 4 as the positive electrode active mate- 
rial has flat potentials in the vicinity of 4V and 3.4V in 
the former and latter halves of a discharging area to gen- 
erate the reversible charging/discharging capacity of 
approximately 1 46 mAh/g. It is also seen from Fig.5 that, 
although single-phase LiMnP0 4 having the olivinic 
structure is used as the positive electrode active mate- 
rial, this cell is not provided with a flat discharging area 
such that no Mn is generated by the redox reaction. It is 
seen from above that LiMn 0 6 Fe 0 4 P0 4> in which Fe has 
been substituted for part of Mn, and Mn is generated by 
the redox reaction, can be used as the positive electrode 
active material having a high discharge voltage and a 
high capacity. 

[0163] Next, Li x Mn y F ei . y P0 4 , with an increased pro- 
portion y of Mn, was synthesized. Using the 
Li x Mn y Fe 1 . y P0 4 , thus produced, a cell was prepared to 
evaluate its characteristics. 



Example 2 

[0164] First, LiMn 0 7 Fe 0 3 PO 4 , was prepared as the 
positive electrode active material. 
[0165] For synthesizing LiMn 0 7 Fe 0 3 P0 4> manga- 
nese carbonate MnCOg, iron oxalate dihydride 
FeC 2 0 4 .2H 2 0, ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate L12CO3 were mixed 
together to a molar ratio of 1.4:0.6:2:1 and pulverized 
sufficiently in a ball mill for mixing. The resulting mixture 
then was calcined in a nitrogen atmosphere at 300°C 
for three hours to prepare an intermediate synthesized 
product. This intermediate synthesized product was 
mixed with acetylene black to a weight ratio of 90:10 and 
pulverized sufficiently in a ball mill for mixing. The re- 
sulting mixture was heated in a nitrogen atmosphere for 
24 hours at 600°C to synthesize LiMn 0 7 Fe 03 PO 4 . 
[0166] A cell was prepared' using the 
LiMn 0 .7Fe<>.3PO 4 , prepared as described above, as a 
positive electrode active material. 

Example 3 

[01 67] First, LiMn 0 75 Fe 0 ^ 5 PO 4 , was prepared as the 
positive electrode active material. 
[0168] For synthesizing LiMn 075 Fe 025 PO 4l manga- 
nese carbonate MnC0 3 , iron oxalate dihydride 
FeC 2 0 4 .2H 2 0, ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate LfeCOa were mixed 
together to a molar ratio of 1.5:0.5:2:1 and pulverized 
sufficiently in a ball mill for mixing. The resulting mixture 
then was calcined in a nitrogen atmosphere at 300 °C 
for three hours to prepare an intermediate synthesized 
product. This intermediate synthesized product was 
mixed with acetylene black to a weight ratio of 90: 1 0 and 
pulverized sufficiently in a ball mill for mixing. The re- 
sulting mixture was heated in a nitrogen atmosphere for 
24 hours at 600°C to synthesize LiMr^ 75 Fe 025 PO 4 



[0169] A cell was prepared using the 
LiMn 0 75 Fe 055 PO 4> prepared as described above, as a 
positive electrode active material. 
[0170] OfLiMn 07 Fe 03 PO 4 andLiMn 075 Fe 025 PO 4 of 
5 Examples 2, 3, synthesized by the above-described 
method, powder X-ray diffraction patterns were meas- 
ured under the same measurement conditions as those 
of Example 1 . The powder X-ray diffraction patterns of 
LiMn 0 7 Fe 0 3 PO 4 of Example 2 and LiMn 075 Fe 025 PO 4 
10 of Example 3 are shown together in Fig.6.' 

[0171] A charging/discharging test was conducted on 
the test cells, thus prepared, in the same way as in Ex- 
ample 1. Fig.7 shows charging/discharging characteris- 
tics of a cell which uses LiMn 0 7 Fe 0 3 P0 4 of Example 2 
'5 as the positive electrode active material. Similarly, Fig. 
8 shows charging/discharging characteristics of a cell 
which uses LiMn 0>75 Fe 0J25 PO 4 of Example 3 as the pos- 
itive electrode active material. 

[0172] On the cell which uses LiMn 0 7 Fe 0 3 P0 4 of Ex- 
20 ample 2 as the positive electrode active' material, a 
charging/discharging test was carried out. Fig.9 shows 
cyclic characteristics of the cell of Example 2. 
[0173] As may be seen from Fig.6, there are actually 
obtained LiMn 07 Fe 03 PO 4 and LiMn 075 Fe 0 25 PO 4 of 
25 the single-phase olivinic structure. 

[0174] As may be seen from Fig.7, with the cell which 
uses LiMn 0 7 Fe 0 3 P0 4 of Example 2 as the positive elec- 
trode active material, the flat discharge area in the vi- 
cinity of 4V has been enlarged as compared to the cell 
30 which uses LiMn 0 6 Fe 0 4 P0 4 shown in Fig.4, such that 
a reversible charging/discharging capacity of approxi- 
mately 146 mAh/g is produced. Moreover, as may be 
seen from Fig.8, with the cell which uses 
LiMn 0 75 Fe 0 ^5PO 4 as the positive electrode active ma- 
35 terial, the flat discharge area in the vicinity of 4V has 
been enlarged as compared to the cell which uses 
LiMn 0 7 Fe 0 3 PO 4 shown in Fig.7, such that a reversible 
charging/discharging capacity of approximately 146 
mAh/g is produced. It may be seen from this that, the 
40 larger the value of the proportion y of Mn, that is the 
more the proportion of Mn is increased with respect to 
Fe, a higher discharge voltage may be realized. It is also 
seen that, even if the proportion y of Mn is increased, 
the capacity is not lowered. 
45 [0175] It is also seen from Fig.9 that the cell which 
used LiMn 07 Fe 03 PO 4 of Example 3 as the positive 
electrode active material maintains the discharging ca- 
pacity of approximately 146 mAh/g even on repeated 
charging/discharging operations thus testifying to satis- 
50 factory cyclic characteristics. 

[0176] Then, Li x Mn y Fe 2 A 1 . (y+z) P0 4 , corresponding to 
L^MnyFe^Pd Mn and Fe of which have been partially 
replaced with Fe and with at least one metal element A 
selected from among 71 and Mg, used in combination 
55 with Fe, was synthesized. A cell was prepared using 
the so-obtained Li x Mn y Fe 2 A 1 . (y+z) P0 4 as the positive 
electrode active material, to evaluate its characteristics. 
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Example 4 

[0177] First, LiMn 0 . 7 Fe 02 Ti 0 A P0 4 was prepared as a 
positive electrode active material. 

[0178] For synthesizing LiM n 0 7 Fe 0 ^Ti 0 1 P0 4 , man- s 
ganese carbonate MnC0 3 , iron oxalate: dihydride 
FeC 2 0 4 .2H 2 0 ) titanum oxide Ti0 2 , ammonium dihydro- 
gen phosphate NH 4 H 2 P0 4 and lithium carbonate 
Li 2 C0 3 were mixed together to a molar ratio of 1 .4:0.4: 
0.2:2:1 and pulverized sufficiently in a ball mill for mix- 10 
ing. The resulting mixture then was calcined in a nitro- 
gen atmosphere at 300 °C for three hours to prepare an 
intermediate synthesized product. This intermediate 
synthesized product was further pulverized sufficiently 
in a ball mill for mixing. The resulting mixture was heated 15 
in a nitrogen atmosphere for 24 hours at 600°C to syn- 
thesize LiMn 0 7 Fe 0 gTiQ -,P0 4 . 
[0179] A test cell was prepared using the 
LiMn 0 7 Fe 0 2 Ti 0 .,P0 4 , prepared as described above, as 
a positive electrode active material. 20 
[0180] A powder X-ray diffraction pattern was meas- 
ured of LiMn 0 7 Fe 0 2 Tio .,P0 4 of Example 4 synthesized 
by the above-described method under the same meas- 
urement conditions as those of Example 1 . The powder 
X-ray diffraction pattern of LiMn 0 7 Fe 0 2 Ti 0 A P0 4 is 25 
shown in Fig.10. A charging/discharging test was con- 
ducted on the test cell, thus prepared, in the same way 
as in Example 1. Fig. 11 shows charging/discharging 
characteristics of a cell which uses 
LiMn 0 7 Fe 0 2 Ti 01 PO 4 as the positive electrode active 30 
material. 

[0181] As apparent from Fig.10, it is 
LiMn 0 7 Fe 02 Ti 01 PO 4 having the single-phase olivinic 
structure that has been produced. As may be seen from 
Fig. 11 , the cell which uses this LiMn 07 Fe 0 ^Tio #1 P0 4 as 35 
the positive electrode active material has a flat potential 
in the vicinity of 4V. From this it is seen that 
LiMn 0 7 Fe 0 2 Ti 01 PO 4 , Mn and Fe of which have been 
replaced by Ti, realizes redox generation of Mn and can 
be used as a positive electrode active material having 40 
a high discharging potential. 

[0182] It has also been seen that, by substituting Fe 
and Ti for Mn, a high discharge capacity on the order of 
155 mAh/g may be achieved. 

45 

Example 5 

[0183] First, UMn 07 Fe 0 25 Mg 005 PO 4 was synthe- 
sized as a positive electrode active material. 
[0184] For synthesizing LiMn 07 Fe 025 Mg 005 PO 4 , so 
manganese carbonate MnC0 3> iron oxalate dihydride 
FeC 2 0 4 -2H 2 0, magnesium oxalate (MgC 2 0 4 -2H 2 0), 
ammonium dihydrogen phosphate NH 4 H 2 P0 4 and lith- 
ium carbonate Li 2 C0 3 were mixed together to a molar 
ratio of 1.4:0.5:0.1:2:1 and pulverized sufficiently in a 55 
ball mill for mixing. The resulting mixture then was cal- 
cined in a nitrogen atmosphere at 300°C forthree hours 
to prepare an intermediate synthesized product. This in- 



termediate synthesized product was further pulverized 
sufficiently in a ball mill for mixing. The resulting mixture 
was heated in a nitrogen atmosphere for 24 hours at 
600°Cto synthesize UMn 07 Fe 025 Mg 005 PO 4 . 
[0185] A test cell was prepared using the 
LiMn 0 7 Fe 0 25Mg 0 05 PO 4 , prepared as described above, 
as a positive electrode active material. 
[0186] A powder X-ray diffraction pattern was meas- 
ured of LiMn 0 7 Fe 0 25 Mg 0 05 PO 4 of Example 5 synthe- 
sized by the above-described method, under the same 
measurement conditions as those of Example 1 . The 
powder X-ray diffraction pattern of 
LiMn 07 Fe 025 Mg 005 PO 4 is shown in Fig. 12. Acharging/ 
discharging test was conducted on the test cell, thus 
prepared, in the same way as in Example 1. Fig. 13 
shows charging/discharging characteristics of a cell 
which uses LiMn 07 Fe 0 25 Mg 005 PO 4 as the positive 
electrode active material. 

[0187] As apparent from Fig.12, it is 
LiMn 07 Fe 0 ^MgoogPO^ having the single-phase oli- 
vinic structure, that has been produced. As apparent 
from Fig. 13, the cell prepared using this 
LiMn 0 7 Fe 0 25 Mg 0 05 PO 4 as the positive electrode active 
material has a flat potential in the vicinity of 4V. It may 
be seen from thus that LiMn 07 Fe 0 25 Mg 005 PO 4 , ob- 
tained on replacing part of Mn and Fe with Mg, is able 
to realize Mn generation by a redox reaction and hence 
may be used as a positive electrode active material hav- 
ing a high discharge voltage. 

[0188] It has also been seen that, by replacing Mn with 
Fe and Mg, a discharge voltage may be realized which 
is higher than the discharging capacity obtained in Ex- 
ample 2 in which Mg alone is substituted for Mn. 
[0189] In order to check upon the favorable effect of 
the present invention, Li x Mn y B 1 . y P0 4 was synthesized. 
Using Li x Mn y B 1 . y P0 4 as a positive electrode active ma- 
terial, a cell was prepared to check upon its character- 
istics. 

[0190] In the Example 6 and Comparative Example 2, 
shown below, the effect of substituting Ti for part of Mn 
of LiMnP0 4 , was checked. 

Example 6 

[0191] First, UMn 0 8 Ti 02 PO 4 was synthesized. 
[0192] For synthesizing LiMn 0 8 Ti 0 2 P0 4 , titanium ox- 
ide Ti0 2 , manganese carbonate MnC0 3 , ammonium di- 
hydrogen phosphate NH 4 H 2 P0 4 and lithium carbonate 
Li 2 C0 3 were mixed together to a molar ratio of 0.4: 1 .6: 
2:1 and pulverized sufficiently in a ball mill for mixing. 
The resulting mixture then was calcined in a nitrogen 
atmosphere at 300°C for three hours to prepare an in- 
termediate synthesized product. This intermediate syn- 
thesized product was further pulverized sufficiently in a 
ball mill for mixing. The resulting mixture was heated in 
a nitrogen atmosphere for 24 hours at 600 °C to synthe- 
size UMn 08 7] 02 PO 4 . 

[0193] A cell was prepared using so-prepared 
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LiMn 0 8 Ti 0 ^PO 4 as a positive electrode active material. 
It is noted that the cell was prepared using 
LiMn 0 8 Ti 0 ^PO 4 obtained by heating at 600°C. First, a 
paste-like positive electrode mixture was prepared by 
homogeneously mixing 85 wt% of dried 
LiMn 0 8 Ti 0 ^PO 4 , 1 0 wt% of acetylene black, as an elec- 
trification agent, and 5 wt% of polyvinylidene fluoride, 
as a binder, in N-methyl-2-pyrrolidone, as a solvent. 
Meanwhile, #1300 manufactured by Aldrich Inc. was 
used as polyvinylidene fluoride. 
[01 94] This positive electrode mixture was coated on 
an aluminum mesh, operating as a current collector, and 
was dried in a dry argon atmosphere at 100°C for one 
hour to form a layer of the positive electrode active ma- 
terial. 

[0195] The aluminum mesh, now carrying the layer of 
the positive electrode active material, was punched to 
a disc shape 1 5 mm in diameter to form a pellet-like pos- 
itive electrode. Meanwhile, 60 mg of the active material 
was carried by one positive electrode. 
[01 96] A foil of metal lithium then was punched to sub- 
stantially the same shape as the positive electrode to 
form a negative electrode. 

[0197] Then, LiPF 6 was dissolved at a concentration 
of 1 mol/I in a solvent mixture containing propylene car- 
bonate and dimethyl carbonate in an equal volume ratio 
to prepare a non-aqueous electrolytic solution. 
[01 98] The positive electrode, prepared as described 
above, was housed in the positive electrode can, while 
the negative electrode was housed in the negative elec- 
trode can, and a separator was arranged between the 
positive and negative electrodes. The non-aqueous sol- 
vent was poured into the negative and positive electrode 
cans, which were then caulked and secured together to 
complete a 2025 type coin-shaped test cell. 



rotating anticathode Rigaku 
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Device used: 
RINT2500 
X-rays: CuKa, 40 kV, 100 mA 
goniometer: vertical type standard, 185 mm in radi- 
us 

counter monochrometer; used 
filter: not used 
slit width: 

divergent slit (DS) = 1° 
receiving slit (RS) = 1° 
scattering slit (SS) = 0.15 mm 

counter: scintillation counter 
measurement method: reflection method, continu- 
ous scan 

scanning range: 2G = 10° to 80° 
scanning speed: 4°/min 



Comparative Example 2 

[01 99] First, LiMnP0 4 was synthesized as a positive 
electrode active material. 

[0200] For synthesizing LiMnP0 4 , manganese car- 
bonate MnC0 3 , ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate Li 2 C0 3 were mixed 
together to a molar ratio of 2:2:1 and pulverized suffi- 
ciently in a ball mill for mixing. The resulting mixture then 
was calcined in a nitrogen atmosphere at 300 °C for 
three hours to prepare an intermediate synthesized 
product. This intermediate synthesized product was fur- 
ther pulverized sufficiently in a ball mill for mixing. The 
resulting mixture was heated in a nitrogen atmosphere 
at 600°C for 24 hours to synthesize LiMnP0 4 . 
[0201] Using LiMnP0 4 as a positive electrode active 
material, a test cell was prepared in the same way as in 
Example 6. 

[0202] Of LiMn 08 Fe 02 PO 4 of Example 6, and of 
LiMnP0 4 of Comparative Example 2, synthesized as 
described above, powder X-ray diffraction patterns were 
measured under the following conditions: 



20 [0203] Fig. 1 4 shows respective X-ray diffraction pat- 
terns of LiMn 0 8 Fe 0 ^PO 4 , synthesized in Example 1 on 
heating at 500° and 600°C. It is seen from Fig.2 that no 
impurities other than LiMn 0 8 Fe 0 2 P0 4 have been iden- 
tified in the product such that LiMn 0 8 Fe 0 2 P0 4 having 
25 the single-phase olivinic structure has been obtained. 
[0204] Fig.15 shows a powder X-ray diffraction pat- 
tern of LiMnP0 4 synthesized in Comparative Example 
1. It is seen from Fig.15 that a single-phase LiMnPQ 4 
has been obtained. 
30 [0205] A charging/discharging test was conducted on 
the test cell fabricated as described above. 
[0206] The constant current charging was carried out 
on each test cell. At a time point when the cell voltage 
reached 4.5V, constant current charging was switched 
35 to constant voltage charging, and charging was carried 
out as the voltage of 4.5V was maintained. The charging 
was terminated at a time point the current reached a val- 
ue not larger than 0.05 mA/cm 2 . The discharging then 
was carried out at a time point when the cell voltage was 
40 lowered to 2.0 V. Meanwhile, charging and discharging 
were carried our at an ambient temperature of 23°C. 
[0207] Fig.16 shows charging/discharging character- 
istics of a cell, which uses LiMn 0 8 Fe 0 ^PO 4 , synthe- 
sized in Example 6 on heating at 600°C, as a positive 
45 electrode active material. Fig.17 shows charging/dis- 
charging characteristics of a cell which uses LiMnP0 4 
synthesized in Comparative Example 1 as a positive 
electrode active material. 

[0208] As may be seen from Fig.16, the cell which us- 
50 es LiMn 0 8 Fe 0 2 P0 4 as the positive electrode active ma- 
terial has flat potentials in the vicinity of 4V to generate 
the reversible charging/discharging capacity of approx- 
imately 85 mAh/g. It is also seen from Fig.17 that, al- 
though single-phase LiMnP0 4 having the olivinic struc- 
55 ture is used as the positive electrode active material, 
this cell is not provided with a flat discharge area such 
that no Mn generation on the redox reaction occurs. It 
is seen from above that LiMn 08 Fe 02 PO 4> in which Ti 
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has been substituted for part of Mn, and Mn is generated 
by the redox reaction, can be used as the positive elec- 
trode active material having a high discharge voltage. 
[0209] The favorable effect of substituting Mg for part 
of Mn in LiMnP0 4 was checked. 

Example 7 

[0210] First, LiMn 08 Mg 02 PO 4 was synthesized as a 
positive electrode active material. 
[0211] For synthesizing LiMn 08 Mg 02 PO 4 , magnesi- 
um oxalate MgC 2 0 4 -2H 2 0, manganese carbonate 
MnC0 3 , ammonium dihydrogen phosphate NH 4 H 2 P0 4 
and lithium carbonate Li 2 C0 3 were mixed together to a 
molar ratio of 0.4:1 .6:2:1 and pulverized sufficiently in a 
ball mill for mixing. The resulting mixture then was cal- 
cined in a nitrogen atmosphere at 300°C for three hours 
to prepare an intermediate synthesized product. This in- 
termediate synthesized product was further pulverized 
sufficiently in a ball mill for mixing. The resulting mixture 
was heated in a nitrogen atmosphere for 24 hours at 
600°C to synthesize LiMn 0 8 Mg 0 2 P0 4 . 
[0212] A cell was prepared in the same way as in Ex- 
ample 6, using so-prepared LiMn 0 8 Mg 0 2 P0 4 as a pos- 
itive electrode active material. 
[0213] A powder X-ray diffraction pattern was meas- 
ured of LiMn 0 8 Mg 0 2 P0 4 of Example 7, synthesized by 
the above-described method, underthe same measure- 
ment conditions as those of Example 1 .The test cell pre- 
pared was put to a charging/discharging test in the same 
way as in Example 6. Fig. 19 shows charging/discharg- 
ing characteristics of the cell which uses 
LiMn 0 8 Mg 0 2 P0 4 as the positive electrode active mate- 
rial. 

[0214] As may be seen from Fig.18, it is 
LiMn 0 8 Mg 0 ^PO 4 of the single-phase olivinic structure 
that has been produced. As may be seen from Fig. 19, 
the cell which uses this LiMn 0 8 Mg 0 2 P0 4 as the positive 
electrode active material has a flat potential in the vicin- 
ity of 4V. It is seen from this that LiMn 0 8 Mg 0 2 P0 4 , ob- 
tained on substituting Mg for part of Mn, is able to yield 
Mn by the redox such that it may be used as a positive 
electrode active material having a high discharge volt- 
age. 

[0215] Then effect of substituting Zn for part of Mn in 
LiMnP04 was checked. 

Example 8 

[0216] First, LiMn 0 8 Zn 0 ^PO 4 was synthesized as a 
positive electrode active material. 
[0217] For synthesizing LiMn 0 8 Zn 0 2 P0 4 , zinc oxide 
Zn0 2 , magnesium oxalate MgC 2 0 4 -2H 2 0, manganese 
carbonate MnC0 3 , ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate Li 2 C0 3 were mixed 
together to a molar ratio of 0.4:1.6:2:1 and pulverized 
sufficiently in a ball mill for mixing. The resulting mixture 
then was calcined in a nitrogen atmosphere at 300°C 



for three hours to prepare an intermediate synthesized 
product. This intermediate synthesized product was fur- 
ther pulverized sufficiently in a ball mill for mixing. The 
resulting mixture was heated in a nitrogen atmosphere 

5 for 24 hours at 600°C to synthesize LiMn 0 8 Zn 0 2 P0 4 . 
[0218] A cell was prepared using so-prepared 
LiMn 0 8 Zn 0 2 P0 4 as a positive electrode active material. 
[0219] A powder X-ray diffraction pattern was meas- 
ured of LiMn 0 8 Zn 0 2 PO 4 of Example 8 synthesized by 

10 the above-described method, underthe same measure- 
ment conditions as those of Example 6. Fig. 20 shows a 
powder X-ray diffraction pattern of LiMn 08 Mg 02 PO 4 . 
The test cell prepared was put to a charging/discharging 
test in the same way as in Example 6. Fig.21 shows 

15 charging/discharging characteristics of the cell which 
uses LiMn 0 8 Zn 0 2 P0 4 as the positive electrode active 
material. 

[0220] As may be seen from Fig.20, it is 
LiMn 08 Zn 0 2 PO 4 of the single-phase olivinic structure 

20 that has been produced. As may be seen from Fig.21 , 
the cell which uses this LiMn 0 8 Zn 0 2 P0 4 as the positive 
electrode active material has a flat potential in the vicin- 
ity of 4V. It is seen from this that LiMn 08 Zn 0 2 P0 4 , ob- 
tained on substituting Mg for part of Mn, is able to realize 

25 Mn redox generation such that it may be used as a pos- 
itive electrode active material having a high discharge 
voltage. 

[0221] The favorable effect of substituting Co for part 
of Mn in LiMnP0 4 was checked. 

30 

Example 9 

[0222] First, LiMn 08 Co 02 PO 4 was synthesized as a 
positive electrode active material. 

35 [0223] For synthesizing LiMn 08 Co 02 PO 4 , cobalt 
oxalate CoC 2 0 4 -2H 2 0, manganese carbonate MnC0 3 , 
ammonium dihydrogen phosphate NH 4 H 2 P0 4 and lith- 
ium carbonate Li 2 C0 3 were mixed together to a molar 
ratio of 0.4:1.6:2:1 and pulverized sufficiently in a ball 

40 mill for mixing. The resulting mixture then was calcined 
in a nitrogen atmosphere at 300 °C for three hours to 
prepare an intermediate synthesized product. This in- 
termediate synthesized product was further pulverized 
sufficiently in a ball mill for mixing. The resulting mixture 

45 was heated in a nitrogen atmosphere for 24 hours at 
600°C to synthesize LiMn 08 Zn 02 PO 4 . 
[0224] A cell was prepared using so-prepared 
LiMn 0 8 Zn 0 2 P0 4 as a positive electrode active material. 
[0225] A powder X-ray diffraction pattern was meas- 

50 ured of LiMn 0 8 Co 0 2 P0 4 of Example 9 synthesized by 
the above-described method, underthe same measure- 
ment conditions as those of Example 6. Fig.22 shows a 
powder X-ray diffraction pattern of LIMn 0 8 Co 0 2 P0 4 . 
The test cell prepared was put to a charging/discharging 

55 test in the same way as in Example 6. Fig.21 shows 
charging/discharging characteristics of the cell which 
uses LiMn 0 8 Co 0 ^PO 4 as the positive electrode active 
material. 
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0226] As may be seen from Fig.22, it is 
L.Mn 0 . 8 Co 05 PO 4 of the single-phase olivinic structure 
hat has been produced. As may be seen from Fig.23 
r hiC f hUSesthisLiMn o.8Co 0 . 2 P0 4 asthepositJve 

t n E?J 6 h3S 3 flat P° tential in *e vicin- 

ty of 4V. It B seen from this that LiMn 0 8 Co 0 2 P0 4 , ob- 

tamed on substituting Co for part of Mn, is able to realize 

Mn redox generation such that it may be used as a pos- 

votege 301 ™^ aCt,Ve materia ' haVi " 9 8 hi9h dischar 9 e 
[0227] Next, the favorable effect of substituting Fe 
and Ti as plural metal elements, for part of Mn in 
LiMnP0 4 , was checked. 



with plural metal elements Fe and 71. 

[0234] Next, the favorable effect of substituting Fe 

Snpn 88 P "?' m6tal e ' ementS ' for P art of Mn in 
LiMnP0 4 , was checked. 

Example 11 



Example 10 



[0228] first LiMn^Feo^PO, was synthesized 
as a positive electrode active material 

S ^ Synthesi2in 9 LiM "0.7Fe 05 Ti 0 ,PO 4 . man- 
ganese carbonate MnC0 3 , iron oxalate FeC,o;.2H,0 
ttaniurr , oxide 710 2 , ammonium dihydrogen phosphate 

»™£ 2 ? 4 8 th,Um carbonate LiaCOa were mixed 
• , 9 TV° 3 m °' ar rati ° 0f 1 • 4: ° 4:0.2:2:1 and pulver- 

■zed sufficiently in a ball mill for mixing. The resulting 

SSSiT WaS h Ca,dne<J in 3 nitr °9 en atmos P h " a at 
300 C for three hours to prepare an intermediate syn- 
thesized product. This intermediate synthesized prod- 
uct was further pulverized sufficiently in a ball mill for 
mixing The resulting mixture was heated in a nitrogen 
atmosphere for 24 hours at 600-C to synthesize 
LiMn 07 Fe 0 ^Ti 01 PO 4 . 

E° ] Pn A x S L Ce " W3S Prepared usi "9 the 
LiMn 0 7 Fe„ -,Ti 0 , P0 4 , prepared as described above as 
a positive electrode active material 

H2 1I f , A i P0Wd6r X ' ray diffrac,ion pattem was meas- 
*i?hk \^ Fe o^ P °4 of Example 10 synthe- 
sized by the above-described method under the same 
measurement conditions as those of Example 6 The 
powder X-ray diffraction pattern of LiMn 0 7 Fe„ 2 T, 0 \ PCX 

isshown,nFig.24.Acharging/dischargingtestw^s con- 
ducted on the test cell, thus prepared, in the same way 
as , n Example 6. Fig.25 shows charging/discharging 
charactenstlcs of a cell which uses 
LiMn 0 7 Fe 0 25 Mg 0 05 PO 4 as the positive electrode active 
matenal. 

[0232] As apparent from Fig 24 it j s 
L.Mno. 7 Fe 02 Ti 01 P0 4 , having the single-phase olivinic 
structure, that has been produced. As apparent from 

MM C T J"" PrePar6d USin 9 this 

LiMn 0 7 Fe 0 ^T. 01 PO 4 as the positive electrode active 
material has a flat potential in the vicinity of 4V It mav 
be seen from thus that LiMn 0 . 7 Fe 05 T to ,PO 4 , obtained 

ZZ T n ° f M " and Fe as p,ural e'ements 
with Mg. is able to generate M n by a redox reaction and 
hence may be used as a positive electrode active ma- ss 
tenal having a high discharge voltage. 

I?.? 3 ! '?« a ' S0 been Seen that a ^charge voltage 
as high as 1 55 mAh/g may be achieved by replacing Mn 



[0235] First, LiMn 0 . 7 Fe 0 . 25 Mg 0 05 PO 4 was synthe- 
sized as a positive electrode active material 
[0236] For synthesizing LiMn 07 Fe 0 ^Mg 005 PO^ 

fTcTIm « Cafb0nate MnC °3' <™ oxalate 
feo 2 u 4 -2H 2 o, magnesium oxalate MgC 2 0 4 -2H 3 0 am- 
monium dihydrogen phosphate NH 4 H 2 P0 4 and lithium 

« of 1 4 n a ?n S? 3 W ! re miX6d t09ether t0 a mo,ar ra «° 
fX mlxinn P""verized sufficiently in a ball mil) 

for mixing. The resulting mixture then was calcined in a 
nitrogen atmosphere at 300 »C for three hours to pre- 
pare an intermediate synthesized product. The interme- 
date synthesized product was further pulverized suffi- 
* oiently ,n a ball mill for mixing. The resulting mixture was 
heated in a nitrogen atmosphere for 24 hours at 600'C 
to synthesize LiMn 0 7 Fe 0 25 Mg 0 05 PO 4 . 

5£V T oil WaS Prepared usin 9 the 
Liwin 0 7 Fe 0 jgMgo 05 po 4 , prepared as described above 

» as a positive electrode active material 

f!ff 1 , i P ° W ? er X " ray diffraction P attem wa * meas- 
uredofL,Mn 07 Fe 0 . 25 Mg 0 . 05 PO 4 ,of Example 11 synthe- 
sized by the above-described method under the same 
measurement conditions as those of Example 6. The 

rM ' difffaCti0n P attem of 

L.Mn 0 7 Fe 0 25 Mg 0 05 PO 4 is shown in Fig.26. A charging/ 
discharging test was conducted on the test cell thus 
prepared, in the same way as in Example 6 Ra27 
shows charging/discharging characteristics of a cell 

electrode actrve material. 

[0239] As apparent from Fig.26 it is 
LiMn 0 7 Fe 0 25 Mg 005 PO 4 , having the single-phase oli- 
vne structure, that has been produced. As apparent 

T p' 927 ' the Ce " Prepared "sing this 
LiiMn 0 7 Fe 0 asMg,, 05 PO 4 as the positive electrode active 
matenal has a flat potential in the vicinity of 4V It mav 

ta!n S 6 d e n n n fr0n ; thUS ,Hat LiMn o. 7 Fe o. 25 Mg 0 . 05 P0 4 , ob- 
45 tamed on replac.ng part of Mn with Fe and Mg, is able 
« to yield Mn by a redox reaction and hence may be used 
as a posihve electrode active material having a high dis- 
charge voltage, a a is. 

[0240] it has also been seen that a discharge voltage 

so 1 !S T, . P ° SSible in Example 7 ' in which Is re- 
s' placed solely by Mg, may be achieved by replacing Mn 

with plural metal elements Fe and 71 



Claims 

1. A positive electrode active material containing a 
compound represented by the general formula 
Li x Mn y Fe 1 ^P0 4 , where 0 <xs 2 and 0.5 <y< o 95 
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[0226] As may be seen from Fig. 22, it is 
LiMn 0 8 Co 02 P0 4 of the single-phase olivinic structure 
that has been produced. As may be seen from Fig.23, 
the cell which uses this LiMn 0 8 Co 0 2 P0 4 as the positive 
electrode active material has a flat potential in the vicin- 
ity of 4V. It is seen from this that LiMn 0 8 Co 0 2 P0 4 , ob- 
tained on substituting Co for part of Mn, is able to realize 
Mn redox generation such that it may be used as a pos- 
itive electrode active material having a high discharge 
voltage. 

[0227] Next, the favorable effect of substituting Fe 
and Ti, as plural metal elements, for part of Mn in 
LiMnP0 4 , was checked. 

Example 1 0 

[0228] First, LiMn 0 7 Fe 0 2 Ti 0 -|P0 4 was synthesized 
as a positive electrode active material. 
[0229] For synthesizing LiMn 07 Fe 02 Tl 0 1 P0 4 , man- 
ganese carbonate MnC0 3 , iron oxalate FeC 2 0 4 -2H 2 0, 
titanium oxide Ti0 2 , ammonium dihydrogen phosphate 
NH 4 H 2 P0 4 and lithium carbonate Li 2 C0 3 were mixed 
together to a molar ratio of 1.4:0.4:0.2:2:1 and pulver- 
ized sufficiently in a bail mill for mixing. The resulting 
mixture then was calcined in a nitrogen atmosphere at 
300°C for three hours to prepare an intermediate syn- 
thesized product. This intermediate synthesized prod- 
uct was further pulverized sufficiently in a ball mill for 
mixing. The resulting mixture was heated in a nitrogen 
atmosphere for 24 hours at 600°C to synthesize 
LiMn 07 Fe 02 Ti 01 PO 4 . 

[0230] A test cell was prepared using the 
LiMn 0 7 Fe 0 2 Ti 0 .,P0 4 , prepared as described above, as 
a positive electrode active material. 
[0231] A powder X-ray diffraction pattern was meas- 
ured of LiMn 07 Fe 02 Ti 01 PO 4 of Example 10 synthe- 
sized by the above-described method under the same 
measurement conditions as those of Example 6. The 
powder X-ray diffraction pattern of LiMn 0 7 Fe 0 2 Ti 0 A P0 4 
is shown in Fig.24. A charging/discharging test was con- 
ducted on the test cell, thus prepared, in the same way 
as in Example 6. Fig.25 shows charging/discharging 
characteristics of a cell which uses 
LiMn 0 7 Fe 0 25 Mg 0 05 PO 4 as the positive electrode active 
material. 

[0232] As apparent from Fig.24, it is 
LiMn 07 Fe 02 7l 01 PO 4 , having the single-phase olivinic 
structure, that has been produced. As apparent from 
Fig.25, the cell prepared using this 
UMn 07 Fe 02 Ti 01 PO 4 as the positive electrode active 
material has a flat potential in the vicinity of 4V. It may 
be seen from thus that LiMnojFeg^Tio 1 P0 4 , obtained 
on replacing part of Mn and Fe as plural metal elements 
with Mg, is able to generate Mn by a redox reaction and 
hence may be used as a positive electrode active ma- 
terial having a high discharge voltage. 
[0233] It has also been seen that a discharge voltage 
as high as 1 55 mAh/g may be achieved by replacing Mn 



with plural metal elements Fe and Ti. 
[0234] Next, the favorable effect of substituting Fe 
and Mg, as plural metal elements, for part of Mn in 
LiMnP0 4 , was checked. 

5 

Example 11 

[0235] First, LiMn 07 Fe 025 Mg 0 05 PO 4 was synthe- 
sized as a positive electrode active material. 
w [0236] For synthesizing LiMn 07 Fe 025 Mg 005 PO 4 , 
manganese carbonate MnC0 3 , iron oxalate 
FeC 2 0 4 -2H 2 0, magnesium oxalate MgC 2 0 4 -2H 2 0, am- 
monium dihydrogen phosphate NH 4 H 2 P0 4 and lithium 
carbonate Li 2 C0 3 were mixed together to a molar ratio 
15 of 1 .4:0.5:0.1 :2:1 and pulverized sufficiently in a ball mill 
for mixing. The resulting mixture then was calcined in a 
nitrogen atmosphere at 300 °C for three hours to pre- 
pare an intermediate synthesized product. This interme- 
diate synthesized product was further pulverized suffi- 
ce ciently in a ball mill for mixing. The resulting mixture was 
heated in a nitrogen atmosphere for 24 hours at 600°C 
to synthesize LiMn 07 Fe 025 Mg 005 PO 4 . 
[0237] A test cell was prepared using the 
LiMn 0 7 Fe 0 25Mg 005 PO 4 , prepared as described above, 
25 as a positive electrode active material. 

[0238] A powder X-ray diffraction pattern was meas- 
ured of LiMn 0 7 Fe 0 25 Mg 0 05 PO 4 ,of Example 11 synthe- 
sized by the above-described method under the same 
measurement conditions as those of Example 6. The 
30 powder X-ray diffraction pattern of 
LiMn 0 7 Fe 0 25 Mg 0 .05PO4 's shown in Fig.26. A charging/ 
discharging test was conducted on the test cell, thus 
prepared, in the same way as in Example 6. Fig.27 
shows charging/discharging characteristics of a cell 
35 which uses LiMn 07 Fe 055 Mg 0 05 PO 4 as the positive 
electrode active material. 

[0239] As apparent from Fig.26, it is 
LiMn 07 Fe 0 25 Mg 005 PO 4 , having the single-phase oli- 
vinic structure, that has been produced. As apparent 

40 from Fig.27, the cell prepared using this 
LiM n 0 7 Fe 0 ^Mgo 05 PO 4 as the positive electrode active 
material has a flat potential in the vicinity of 4V. It may 
be seen from thus that LiMn 0 7 Fe 025 Mg 0 05 PO 4 , ob- 
tained on replacing part of Mn with Fe and Mg, is able 

45 to yield Mn by a redox reaction and hence may be used 
as a positive electrode active material having a high dis- 
charge voltage. 

[0240] it has also been seen that a discharge voltage 
higher than is possible in Example 7, in which Mn is re- 
50 placed solely by Mg, may be achieved by replacing Mn 
with plural metal elements Fe and 71. 



Claims 

55 

1. A positive electrode active material containing a 
compound represented by the general formula 
Li x Mn y Fe 1 ^P0 4 , where 0 <x£ 2 and 0.5 <y< 0.95. 
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2. The positive electrode active material according to 
claim 1 wherein a portion of the Li x Mn y Fe 1 . y P0 4 has 
a grain size not larger than 1 0 urn, with the Bulnauer 
Emmet Taylor specific surface area being not less 
than 0.5 m 2 /g. 

3. A positive electrode active material containing a 
compound represented by the general formula 
Li x Mn y Fe z A 1 . (y+z) P0 4> where 0 <x< 2, 0.5 < y < 
0.95, 0.5 < y+z < 1 and A is at least one metal ele- 
ment selected from Ti and Ag. 

4. The positive electrode active material according to 
claim 3 wherein a portion of the 
Li x Mn y Fe z A 1 . (y+z) P0 4 has a grain size not larger 
than 10 urn, with the Bulnauer Emmet Taylor spe- 
cific surface area being not less than 0.5 rr^/g. 

5. A non-aqueous electrolyte cell comprising: 

a positive electrode containing a positive elec- 
trode active material; 

a negative electrode containing a negative 
electrode active material; and 
an electrolyte interposed between said positive 
and negative electrodes; wherein 
said positive electrode active material contains 
a compound represented by the general formu- 
la Li x Mn y Fe Vy P0 4 where 0 < x <2 and 0.5 < y 
< 0.95. 
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The positive electrode active material according to 
claim 5 wherein a portion of the L^MriyFe^PC^ has 
a grain size not larger than 1 0 urn, with the Bulnauer 
Emmet Taylor specific surface area being not less 
than 0.5 m 2 /g. 

A non-aqueous electrolyte cell comprising: 

a positive electrode containing a positive elec- 
trode active material; 

a negative electrode containing a negative 
electrode active material; and 
an electrolyte interposed between said positive 
and negative electrodes; wherein 
said positive electrode active material contains 
a compound represented by the general formu- 
la Li x Mn y Fe 2 A 1 . (y+z) P0 4 where 0 < x<2 l 0.5. < 
y < 0.95 and 0.5 < y+z < 1 and wherein A is at 
least one metal element selected from Ti and 
Mg. 

The non-aqueous electrolyte cell according to claim 
7 wherein a portion of the Li x Mn y Fe z A 1 . (y+z) P0 4 has 
a grain size not larger than 1 0 urn, with the Bulnauer 
Emmet Taylor specific surface area being not less 
than 0.5 m 2 /g. 
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A positive electrode active material containing a 
compound represented by the general formula 
LyvinyB^yPO* where 0 < x < 2 and 0 < y < 1 and 
wherein B is a metal element selected from among 
Ti, Zn, Mg and Co. 



10. The positive electrode active material according to 
claim 9 wherein a portion of the Li x Mn y B 1 . y P0 4 has 
a grain size not largerthan 1 0 ujti, with the Bulnauer 
Emmet Taylor specific surface area being not less 
than 0.5 m 2 /g. 

11. A positive electrode active material containing a 
compound represented by the general formula 
LyvlnyB^yPO* where 0 <x< 2 and 0 < y < 1 and 
wherein B denotes plural metal elements selected 
from among Tr, Fe, Zn, Mg and Co. 

12. The positive electrode active material according to 
claim 1 1 wherein a portion of the Li x Mn y B 1 . y P0 4 has 
a grain size not largerthan 1 0 urn, with the Bulnauer 
Emmet Taylor specific surface area being not less 
than 0.5 m 2 /g. 

13. A non-aqueous electrolyte cell comprising: 

a positive electrode containing a positive elec- 
trode active material; 

a negative electrode containing a negative 
electrode active material; and 
an electrolyte interposed between said positive 
and negative electrodes; wherein 
said positive electrode active material contains 
a compound represented by the general formu- 
la L^MnyB^PC^ where 0 <xs 2 and 0 < y < 1 
and wherein B denotes one metal element se- 
lected from among Ti, Zn, Mg and Co. 

14. The non-aqueous electrolyte cell according to claim 
13 wherein a portion of the Li^B^PC^ has a 
grain size not larger than 1 0 u. m, with the Bulnauer 
Emmet Taylor specific surface area being not less 
than 0.5 m 2 /g. 

15. A non-aqueous electrolyte cell comprising: 

a positive electrode containing a positive elec- 
trode active material; 

a negative electrode containing a negative 
electrode active material; and 
an electrolyte interposed between said positive 
and negative electrodes; wherein 
said positive electrode active material contains 
a compound represented by the general formu- 
la Li x Mn y B 1 . y P0 4 where 0 <x£ 2 and 0 < y < 1 
and wherein B denotes plural metal elements 
selected from among Ti, Fe, Zn, Mg and Co. 
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16. The non-aqueous electrolyte cell according to claim 
15 wherein a portion of the Li x Mn y Fe 1 . y P0 4 has a 
grain size not larger than 10 u,m, with the Bulnauer 
Emmet Taylor specific surface area being not less 
than 0.5 m 2 /g. s 
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